Proceedings 
of the 
Society 
for 


Experimental Biology and Medicine 


INCLUDING THE FOLLOWING SECTIONS 


CLEVELAND, O. New York 

ILLINOIS PAcIFIC COAST 

Iowa PEIPING, CHINA 
MINNESOTA SOUTHERN 

MIssourRI SOUTHERN CALIFORNIA 


WESTERN NEw YORK 


VOLUME 43 


JaANUARY-ApRIL, 1940 (INCLUSIVE) 


NEW YORK 


CONTENTS 


SCIENTIFIC PROCEEDINGS, VOLUME 43: 


Page 
Two hundred and seventy-seventh issue, January, 1940, No. 1...........ccecesesesereee 1 
Two hundred and seventy-eighth issue, February, 1940, No. 2.0.0.0... eeeseeeseeee 225 
Two hundred and seventy-ninth issue, March, 1940, No. 8...........::esscscsesseseseeeeeoes 429 
Two hundred and eightieth issue, April, 1940, No. 4...........cceesscssscessccessecessseeeees 601 
A WH Ors? Ti. OX se kecencwcseccascomeevesnesuuseccecsosceaveceeste ccscsectctvectes crane seccusec opti temacenater anise cece 779 
Sully ect. elm ext iewcstecs ss torcaresscctuacsserascrsmeeemare see etronts aeaucadssantesacseerasteeeratatcesenecensfarsencred 784 


Press of 
THOMAS J. GRIFFITHS SONS, INC., 
Utica, N. Y. 


Proceedings 
of the 
Society 


for 


Experimental Biology and Medicine 


Voi. 43. JANuaAry, 1940. No 1: 


SECTION MEETINGS 


MINNESOTA 

University of Minnesota December 20, 1939 
NEW YORK 

Cornell University Medical College January 24, 1940 
SOUTHERN CALIFORNIA 

Los Angeles County Gen. Hospital November 30, 1939 

Monterey, Calif. December 20, 1939 
WESTERN NEW YORK 

University of Buffalo December 9, 1939 


11073 


A Rapid Micro Method for Determining Diodrast and Inorganic 
Iodide Iodine in Blood and Urine.* 


H. L. WHITE AND Dorts ROLF. 


From the Department of Physiology, Washington University School of Medicine, 
St. Louis, Mo. 


The present paper describes a rapid micro method for the deter- 
mination of diodrast or inorganic iodide iodine in whole blood, blood 
cells, plasma or urine. Hundreds of determinations of diodrast and 
inorganic iodide added to water, to urine and to filtrates have shown 
substantially a 100% recovery. With the method in its present form 
not all of the iodine is recovered from some other iodine compounds 
investigated, skiodan, iodeikon and isoiodeikon. The method has 
not been applied to normal blood or urine. The diodrast and skiodan 


* This work was aided by a grant from the Commonwealth Fund. 
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used in this work were kindly furnished by the Winthrop Chemical 
Company ; the iodeiokon and isoiodeikon by the Mallinckrodt Chem- 
ical Company. 

Principles of Method. The iodine-containing sample is digested 
in an acid solution of potassium permanganate, the iodine thereby 
being oxidized to iodate and the organic matter destroyed. The 
excess permanganate is reduced by addition of nitrite and the excess 
nitrite then destroyed by urea. The iodate is then titrated against a 
standard 0.0004715 N thiosulphate solution in the presence of an 
excess of potassium iodide. 

Procedures. With urine the determination is carried out on a 
diluted sample. With plasma it may be done either on 0.1 cc (or less, 
depending on iodine content) of plasma or on a sample of plasma 
filtrate. Because of their higher organic matter content it has not 
been found practicable to digest unprecipitated whole blood or cells; 
these determinations must be done on filtrates, where most of the 
organic matter has been removed. While determinations can be 
carried out on unprecipitated plasma, we usually use plasma filtrates, 
particularly at low iodine levels, since with these an amount equiva- 
lent to a larger amount of plasma can be used. With urine no pre- 
cipitation is ever required. 

Procedure for determination on filtrates of blood, plasma or cells. 

Reagents: 7% and 15% trichloracetic acid. 

0.4M potassium permanganate. 
4N sulphuric acid. 

1.0M sodium nitrite. 

5.0M urea. 

Crystalline potassium iodide. 

1% starch. 

0.0004715N sodium thiosulphate. 

Precipitation, Take one volume of blood, plasma or cells, 6 volumes 
of water and 3 volumes of trichloracetic acid (7% for blood or 
plasma, 15% for cells) in a small Erlenmeyer flask, shake, let stand 
5 minutes and filter. On working with blood or cells, the cells are 
laked by the water before the trichloracetic acid is added. 

Digestion. (a) Individual tubes by hand. Take 3 cc of filtrate 
in an 18 x 150 mm test tube, add 6 drops (0.3 cc) of 0.4M perman- 
ganate and 2 drops (0.1 cc) of 4N sulphuric acid. With very low 
iodine levels (less than 1 mg I per 100 cc) 5 cc of filtrate may be 
used, in which case 0.5 cc of 0.4M permanganate and 3 drops of 4N 
sulphuric acid are added. With high iodine levels, if less than 3 cc 
of filtrate is used, the volume should be brought up to about 3 ce by 
adding distilled water before the digestion; here 2 or 3 drops of 4N 
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sulphuric acid and 0.3 cc of 0.4M permanganate are used. With 
constant shaking, heat for 3 to 3.5 minutes over a micro Bunsen 
burner with flame 3.5 to 4.5 cm high and protected from drafts. 
Shaking should be a fine wrist motion rather than a slow undulation; 
keep digest constantly agitated to avoid local overheating. Boiling 
should begin in about 40 seconds and should then be almost con- 
tinuous, with tube being continually brought into and out of flame 
and not in the flame more than half the time; the digest should never 
be permitted to boil more than one-third the distance up the tube. 
Avoid heating on side of tube above fluid line. After digestion add 
4 or 5 drops (0.25 cc) 1.0M sodium nitrite (to 1 drop excess) drop 
by drop to hot digest; drop nitrite directly into digest, not running 
down wall. Digest will clear immediately on shaking. Heat with 
shaking for 1 minute, shaking so as to wash down above highest 
level reached by digest during digestion. Next add 4 drops 5.0M 
urea. Shake and heat for 2 minutes; this includes time required 
for tipping and rolling tube to wash down above highest level reached 
by nitrite. During the nitrite and urea treatments the solution should 
be boiled gently part of the time. 

(b) Digestion of number of tubes simultaneously in water bath. 
Put tubes in a rack into a boiling water bath for 10 minutes; it is 
not necessary to shake during this interval. Level of water in bath 
must be above level of digest in tubes. Tubes need not be covered; 
with appropriate size of flame no difficulty should be encountered by 
water from bath splashing into tubes. If rack is suspended with 
its bottom slightly above bottom of bath, danger from bumping and 
splashing is abolished, although this precaution is usually not neces- 
sary. Preparation of tubes for digestion is same as with individua! 
digestions. With either hand or water bath digestion the perman- 
ganate should not be added until shortly before digestion begins. 
After 10 minutes lift rack from bath and add nitrite, shaking each 
tube on addition of nitrite. Return rack to bath for 2 minutes. 
During this 2 minutes the analyst continuously makes the rounds of 
the tubes, lifting out a tube in each hand, giving them a shake, re- 
turning them to the bath and passing on to the next pair. With 10 
tubes one should get around 3 or more times in 2 minutes. After this 
2 minutes again remove rack from bath and add urea, with appro- 
priate shaking and washing down, to each tube. Again return rack 
to bath for 2 minutes, with seriatim shaking as during the nitrite 
treatment. Finally remove rack from bath, shake tubes once more, 
and cool. 

Titration. Put tubes in a rack into a cold water bath (5-10°C) 
for a few minutes. After cooling, remove from water and titrate 
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in an artificially lighted room, using a photoflood bulb or other source 
of white light. For titration, add a few crystals of potassium iodide 
and titrate with 0.0004715N thiosulphate, 1 drop of starch solution 
being added toward end of titration. Each microgram of iodine 
titrates 0.1 cc. The mean titration error in a triplicate series is not 
more than 0.003 cc, the maximum not more than 0.005. A blank on 
normal filtrate should show zero titration. We use a burette grad- 
uated to hundredths of a cc and read to thousandths with a hand lens. 
The burette tip is washed with 2 or 3 drops of water from a medicine 
dropper after each delivery near the end of a titration. 

Reactions. The permanganate oxidizes the organic matter and 
carries the iodine to iodate. The nitrite destroys the excess per- 
manganate and manganese dioxide, forming the manganous salt of 
the acid present. At proper acidity and with reasonably judicious 
treatment, 7. e., avoidance of excessively vigorous or lengthy heat- 
ing, the nitrite does not at all reduce the iodate. 
2KMnO,+5HNO.+3H2SO,=K,SO.+2MnS0,+5HNO;+3H,0 

The excess nitrite remaining after permanganate is destroyed 
would itself liberate iodine from potassium iodide; it must, therefore, 
be destroyed before the titration. While nitrite reduces perman- 
ganate it oxidizes urea, with destruction of both nitrite and urea. 
The excess urea remaining after destruction of the nitrite does not 
interfere with the titration, nor does it reduce iodate. 

CO(NH,)2+t2HNO,=CO.+2N,.+3H.20 

Procedure for determination on urine. With urine, dilute so that 
3 cc contains from 5 to 15 micrograms iodine. Take 3 cc of dilu- 
tion in test tube, add 0.3 cc of 0.4M permanganate and 0.15 cc of 
4N sulphuric acid and proceed as with filtrate above, except that with 
water bath digestion only 5 minutes of digestion are required. A 
normal adult with a surface area of 1.73 sq. M. and with a plasma 
level of 2 mg diodrast iodine per 100 ce will have a urinary output 
of 8 to 12 mg iodine per minute. 

We have carried out several hundred determinations of known 
amounts of diodrast and of potassium iodide added to water, to urine 
and to filtrates. In these filtrate analyses the diodrast or iodide was 
added to the filtrates; they are distinct from the determinations pre- 
sented in Tables II and III, where diodrast was added to blood, 
plasma or cells before precipitation. There is a complete recovery 
from water and urine and from plasma, blood and cell filtrates of 
human, dog and horse bloods. A few representative findings are 
shown in Table I. These results have been obtained with amounts 
of iodine in the sample analyzed ranging from 2 to 15 micrograms; 
there may be a slight loss of iodine when more than 15 micrograms 
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; TABLE I. 
Recovery of Diodrast and Inorganic Iodide Iodine from Water, Urine, and from 
Filtrates. 
Iodine 
in sample Iodine 
; analyzed, recovered, % 

Material beg ug recovery 
Aqueous solution of diodrast 6.00 6.00 100.0 
6.00 5.96 99.4 
8.00 8.04 100.5 
12.00 11.90 99.2 
12.00 12.02 100.2 
Diodrast in urine 9.27 9.32 100.5 
9.20 9.15 99.5 
a ’? human plasma filtrate 6.00 6.04 100.7 
6.00 6.00 100.0 
12.00 11.93 99.4 

ne ”? whole blood filtrate 

human 6.00 6.08 101.2 
horse 8.00 7.91 98.9 
Potassium iodide in horse whole blood filtrate 6.00 6.04 100.7 


is taken. We can, therefore, say that the above procedure will 
determine quantitatively the iodine present in the sample analyzed. 
With urine this means all the iodine present but with blood, plasma 
or cell filtrates the question arises whether all the diodrast comes 
through in the filtrate. This point has been investigated at some 
length on horse, dog and human bloods. 

The percentage of diodrast coming through in the filtrate has been 
determined at various iodine levels for whole blood, for plasma and 
for cells. The outline of a typical experiment follows: With a given 
sample of blood, 3 trichloracetic precipitations are made on whole 
blood, 3 on plasma and 3 on cells, where a known amount of diodrast 
has been added to the blood, the plasma and the cells, respectively, 
before precipitation. From 3 to 6 iodine determinations are made 
on each of the 9 filtrates so obtained. Whole blood and cells are de- 
livered from pipettes to contain and are laked before addition of 
diodrast. The above procedure is carried out with each of 3 known 
iodine concentrations. Table II shows the results of such an experi- 
ment with a sample of horse blood. Each value in the table repre- 
sents the average of the 3 to 6 determinations on that filtrate; the 
maximum deviation from the mean among determinations on a single 
filtrate is never more than 3%, with a probable error of less than 
2% in a triplicate series. 

Experiments of the type outlined in Table II have been carried 
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TABLE II. 
Horse Blood 2. ‘ 
Figures in the Table Designate the Percentage of Diodrast Coming Through in 
the Filtrates. 


Whole blood Plasma Cells 
At 2.5 mg I per 100 ce Filtrate 1 67.0 82.0 49.8 
ye 2 64.5 81.2 51.0 
ae 3 65.7 82.0 
At 5 mg I per 100 ce ue i 66.9 82.2 50.6 
a 2 65.2 82.8 51.3 
Me 3 66.9 84.3 
At 10 mg I per 100 ce 2 1 64.8 82.5 
Hy 2 65.1 81.7 
2 3 66.1 81.8 
Avg % of diodrast coming through in filtrate 65.8 82.3 50.7 


out on 4 horse, 2 dog and 5 human bloods, at iodine levels of 2, 2.5, 
4,5, 8 and 10 mg per 100 cc. It was found that the percentage of 
diodrast appearing in the filtrates was independent of the iodine 
concentration within the above range. It was further found that 
not only is the percentage of diodrast coming through in the filtrate 
constant with multiple precipitations from a given sample of blood, 
plasma, or cells but that it is almost constant in all normal horse, dog 
and human bloods so far examined. The findings are shown in 
Table III, where a given figure designates the average of the findings 
on all the filtrates of a given sample of blood, plasma or cells. 

The above findings show that with normal human bloods no great 
error will be introduced by the assumption that the diodrast iodine 

TABLE III. 


Percentages of Diodrast Coming Through in Whole Blood, Plasma and Cell Fil- 
trates of Horse, Dog and Human Bloods. 


Whole blood Plasma Cells 
Horse 1 64.3 84.3 
2? 65.8 82.3 50.7 
BN 2&3 63.9 84.5 
2 A, 50.8 
Dog 1 65.0 85. 49.4 
BS ay) 69.4 84.2 54.8 
Human 
D.N 66.0 85.0 48.0 
Grov 64.4 84.0 48.3 
Loe 64.8 84.0 
W.C.S 66.9 85.5 54.4 
E.W.S 65.8 84.6 Ddes 


Avg of humans 65.6 84.6 51.5 
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content of whole blood is 100/65.6 X that indicated by the filtrate 
analysis; for plasma the factor is 100/84.6 and for cells 100/51.5. 
It is of course a simple matter to determine these factors directly for 
each subject under investigation if the highest accuracy is desired. 
Since urine is digested without precipitation, all of the iodine in the 
sample is determined and no factor is used. The calculation here is 
simple, 7. e., each 0.1 cc of titration represents 1 microgram of iodine 
in the sample analyzed. 

Alternative procedure for determination of iodine in plasma. As 
stated above, the determination may be made on 0.1 cc or less of un- 
precipitated plasma. In view of the constancy of the percentage of 
diodrast appearing in plasma filtrates we prefer to use the filtrate 
procedure, particularly if the level is below 2 mg per 100 cc, since 
3 cc or more of filtrate can be used, giving a higher titration. How- 
ever, the alternative procedure with iodine levels of 2 mg per 100 cc 
or more can be used, although it is considerably less accurate. 

To 1 volume plasma or serum add 19 volumes water. Take 2 cc 
of this dilution in a 22 x 175 mm test tube, add 1 cc 0.4M KMnO, 
and 0.5 cc 4N H.SO;. With high diodrast levels correspondingly 
greater dilutions can be made. Digest 3 to 3.5 minutes by hand. 
Add 1M nitrite to hot digest drop by drop, shaking with each drop 
addition. Add 2 drops excess; the total will be 8 to 10 drops. More 
time will be required in washing down the tube walls than is the case 
with filtrate, since in the present case there is a greater amount of 
MnO, to be destroyed. The nitrite treatment, including addition of 
nitrite, shaking, washing down and heating, will take 2 to 3 minutes. 
Next add 7 drops (0.5 cc) of 5M urea, heat, shake and wash down 
for another 2 minutes. Titrate as with filtrate. Along with each 
set of analyses carry out a determination on a known amount of 
diodrast added to a blank plasma and use the factor so obtained in 
calculating the unknowns. The departure of this factor from unity 
will in general be considerably less than with the alkali fusion method 
of iodine determination. It departs somewhat from unity because, 
(a) with a less vigorous nitrite treatment a trace of MnO, remains 
undestroyed, raising the titration, (b) with a more vigorous nitrite 
treatment, sufficient to give a very low blank, small amounts of 
iodine are likely to be lost (iodate reduced to iodide), lowering the 
titration. The factor for a given analyst varies within narrow limits ; 
different analysts may show different factors. 

With the unprecipitated plasma digestion the error should not be 
greater than 10% ; with continued practice the error can be reduced 
below this figure but the accuracy attainable with this method will 
never be as great as with filtrates. 
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Interpretation of Diodrast Clearances in the Dog.* 


H. L. WHITE AND PETER HEINBECKER. 


From the Departments of Physiology and Surgery, Washington University School 
of Medicine, St. Louis, Mo. 


If some otherwise suitable substance could be found which was 
completely removed from the blood on one passage through the 
kidneys, its blood clearance would be a measure of renal blood flow. 
If the substance were either (a) absent from the blood cells or (b) 
fixed in the cells during a passage through the kidney, its plasma 
clearance would be a measure of renal plasma flow (RPF). Diodrast 
(D) has been proposed by Smith and collaborators» * * as meeting 
or very nearly meeting the conditions that it is completely removed 
on passing active renal tissue and that it is absent from the cells. 
We find on trained, unanesthetized renal explant dogs, with D* and 
inulin® analyses of urine and of renal vein and arterial (or leg vein) 
whole blood, plasma and cells, that D plasma clearance departs con- 
siderably from RPF independently measured and we have established 
the factors which bring about this discrepancy. 

1. Diodrast in cells. The statement of Smith’ that D is absent 
from dog cells is based upon essentially complete recoveries from 
plasma of D added to drawn blood. We confirm this finding but 
find that after intravenous administration the ratio 

D per 100 ce arterial cell water 


D per 100 ce arterial plasma water 
averages 0.62, with extremes 0.48 to 0.73. The average is of 18 
observations with plasma levels from 1.51 to 11.50 mg I per 100 cc; 
the value of the ratio is independent of plasma iodine (I) level, I 
being a measure of D. 

2. Diodrast contribution to urine by cells. Even though we have 
shown that the cells contain a large proportion of the D, one could 
still use D plasma clearance as a measure of RPF (if plasma D ex- 
traction were complete) provided all the cell D stayed in the cells on 


* Aided by a grant from the Commonwealth Fund. 

1 Smith, H. W., Goldring, W., and Chasis, H., J. Clin. Invest., 1938, 27, 263. 

2 Chasis, H., Ranges, H. A., Goldring, W., and Smith, H. W., J. Clin. Invest., 
1938, 27, 683. 

3 Smith, H. W., Physiology of the Kidney, Univ. of Kansas Press, Lawrence, 
1939. 

4 White, H. L., and Rolf, D., Proc. Soc. Exp. Bron. anD MEp., 1940, 48, 1. 

5 Corcoran, A. C., and Page, I. H., J. Biol. Chem., 1939, 127, 601. 
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passing the kidney. If, however, cell D moves into plasma on D 
depletion of the latter, then urinary D per minute will be greater than 
plasma contribution of D per minute and to this extent, if there were 
no other complicating factors, D plasma clearance would exceed 
RPF. We have shown that such a contribution of cell D does take 
place; renal vein cell D is always much lower than arterial cell D. 
The average ratio 


mg I per 100 ce renal vein cells 


mg I per 100 ce arterial cells 

is 0.74 (average of 9 observations). However, renal vein cell D 
does not fall proportionally to renal vein plasma D; whereas arterial 
plasma D is always higher than arterial cell D, renal vein plasma D 
is always lower than renal vein cell D. The above observations show 
that D does not behave (a) as does inulin, since D is present in the 
cells, (b) as does creatinine, since some D moves from cells into 
plasma during a renal passage, with a partial approach toward dif- 
fusion equilibrium, nor (c) as does urea, since D does not come into 
complete diffusion equilibrium between cells and plasma during a 
renal passage. 

3. Completeness of extraction of diodrast from renal vein blood 
or plasma. We find that renal extraction “+ mas of D is never 
complete from either plasma or cells, with arterial plasma levels 
from 1.52 to 7.09 mg I per 100 cc. Plasma D extraction averaged 
0.73 (0.61-0.85), cell extraction 0.24 (0.10-0.39) and whole blood 
extraction 0.58 (0.46-0.66). Within this range of plasma levels 
there is only rough correlation between plasma I level and com- 
pleteness of extraction; the series is being extended. 

4. Relation between diodrast plasma clearance and renal plasma 
flow. Two factors, the incompleteness of D extraction and the cell 
contribution of D, work in opposing directions to disturb the relation 
between D plasma clearance and RPF;; the action of the first is to 
make D plasma clearance lower than RPF, while the second works 
to make D plasma clearance higher than RPF. If the first factor 
alone were operative, D plasma clearance/D plasma extraction would 
be a measure of RPF. Since the second factor also is always opera- 
tive, this expression will always give values higher than RPF. If 
the cell contribution of D raises D plasma clearance less than the 
factor of incompleteness of D extraction lowers it, D plasma clear- 
ance will be less than RPF. It is conceivable that the two factors 
could be just balanced, so that D plasma clearance would equal RPF; 
this can be determined only by simultaneous D clearance determina- 
tions and independent flow determinations. 
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5. Comparison of diodrast plasma clearances with independently 
determined renal plasma flows. Let Vp equal plasma fraction of 
hematocrit reading. Renal plasma flows were obtained by 3 methods 
simultaneously, 


Tnulin plasma clearance 


(a) 


’ 
inulin plasma extraction 


Inulin whole blood clearance < Ve 


(b) 


inulin whole blood extraction 


D whole blood clearance X V,, 


(¢) 


D whole blood extraction 
The average values in cc/min/M?, are (a) 360, (b) 370, (c) 355, 
while the corresponding D plasma clearance average is 310, and the 
average 


D plasma clearance 


D plasma extraction 

is 406. The last value is higher than RPF because of the cell contri- 
bution of D; 406 is 113% of 362, the average true RPF, which 
means that for every 100 mg D contributed to the urine by the 
plasma, 13 mg are contributed by the cells. This is even more direct 
evidence of cell contribution of D than is the finding that renal vein 
cell D is lower than arterial cell D, since the latter finding might be 
explained by diffusion after drawing the sample. The D plasma 
clearance is lower than RPF because the factor of incompleteness of 
D extraction overbalances that of cell contribution of D. On the 
average, with the dog one can get RPF by multiplying D plasma 
clearance by 1.17, but this multiplier varies between 1.03 and 1.43. 
These values were obtained over a range of plasma I levels from 1.52 
to 7.09 mg per 100 cc, with but little correlation between value of 
multiplier and of plasma I level. Average whole blood flow is 
683 cc/min/M’, or 23.2% of cardiac output, taking Marshall’s® 
value of 2940 cc/min/M? for the latter. Inulin plasma clearance 
averages 101 cc/min/M*. Both diodrast and inulin plasma clearances 
in the hypophysectomized dog are about 50% of normal. 


6 Marshall, E. K., Jr., dm. J. Physiol., 1926, 77, 459. 


ml 
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Interpretation of Diodrast Clearances in Man.* 


H. L. Wuire, THoMAS FINDLEY, JR., AND JOSEPH C. Epwarps. 


From the Departments of Physiology and of Medicine, Washington University 
School of Medicine, and the First Medical Service, St. Louis City Hospital. 


A series of diodrast (D) plasma clearances has been carried out on 
11 normal human subjects, with plasma iodine (1) levels varying 
from 0.3 to 55 mg per 100 cc; simultaneous inulin clearances were 
determined in some cases. Data on distribution of D betwen cells 
and plasma are also given. 

1. Diodrast in cells. The statement of Smith’ that D is absent 
from the cells of drawn human blood is confirmed. However, at 
equilibrium after intravenous administration of D the ratio 

D per 100 ce arterial cell water 


D per 100 ce arterial plasma water 
averages 0.32. It must be emphasized that here, as with the dog 
(0.62), the cell/plasma D distribution ratio was obtained after im 
vivo equilibration had been attained. The cell content of D in man is 
thus about half that in the dog for a given plasma level, after cells 
and plasma have come into equilibrium in vivo. 

2. Diodrast contribution to urine by cells. Magnitude of con- 
tribution of D to urine by cells during a renal passage will be deter- 
mined by, (a) cell content of D and, (b) rapidity with which D passes 
from cells into plasma on D depletion of the latter. On the first of 
these points alone, cell contribution of D in man would be about half 
of that in the dog. Information on the second point has been ob- 
tained by observing the cell/plasma D ratio on a falling plasma D 
level following an equilibration period of a constant plasma D level, 
i. e., by following the ratio after cessation of sustaining infusion. 
Such observations on the dog show a constant ratio, 7. e., D diffuses 
from cells into plasma rapidly enough, as plasma D falls, to maintain 
a constant distribution. With man, on the contrary, the ratio rises 
rapidly as plasma level falls following cessation of sustaining in- 
fusion; it may go from the equilibrium value of 0.32 to as high as 
1.20. This means that D cannot pass rapidly enough from human 
cells into depleted plasma to keep pace with this rate of fall of plasma 


* This work was aided by grants from the Commonwealth Fund (H.L.W.) and 
from the Smith, Kline and French Laboratories (T.F.). 
1 Smith, H. W., Goldring, W., and Chasis, H., J. Clin. Invest., 1938, 27, 263. 
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D. The conclusion is therefore justified that the cell contribution of 
D in man is less than half that in the dog, 7. e., on the average less 
than 6%. 

3. Completeness of extraction of diodrast from renal vein plasma. 
In the absence of direct observations on human renal vein plasma our 
only information here is indirect. Our data so far available suggest 
that D plasma clearance begins to be self-depressed at lower plasma D 
levels in the dog than in man, which suggests that human kidneys 
extract D more efficiently than do dog kidneys. 

4. Relation between diodrast plasma clearance and renal plasma 
flow RPF. Since the cell contribution of D is shown to be less in 
man than in the dog and since the above paragraph suggests that 
renal extraction of D may be more nearly complete in man than in 
the dog, it may well be that D plasma clearance in man is a reasonably 
good measure of RPF. A final answer must await more adequate 
information on the extraction in man. Since cell contribution of D 
in man is shown to be small, D plasma clearance (at D plasma levels 
below that at which clearance begins to be self-depressed) will be 
less than RPF unless D is almost completely extracted. If extraction 
is complete in man, D plasma clearance cannot exceed RPF by more 
than 6%. 

Values of D plasma clearance over a wide range of plasma iodine 
(1) levels but in the absence of inulin are shown in Fig. 1; there is no 
self-depression of clearance up to plasma I levels of 15 mg %. The 
average D plasma clearance, at D plasma levels below that at which 
clearance begins to be depressed, in cc/min/1.73 M? is 497 (58 
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Effect of varying plasma I level on plasma I (or D) clearance. Each solid 
circle designates the mean of 3 or more consecutive clearance periods at a constant 
plasma level. Open circles designate individual clearance periods obtained on 
falling plasma D levels after a single injection. No inulin. 
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clearance periods on 11 subjects), which is considerably lower than 
Smith’s latest figure of 737 and close to Chesley and Chesley’s? 
figure of 518. The point might be raised that Smith’s higher figure 
is due to the inulin present in his experiments. However, our aver- 
age of D clearances obtained simultaneously with inulin clearances is 
438 cc/min/1.73 M?, which shows that the higher value of Smith 
cannot be ascribed to any action of inulin. Self-depression of D 
clearance does not begin until plasma I is raised to about 15 mg %, 
whereas Smith finds D clearance only 65% of normal at this plasma 
level. 

Rate of tubular excretion of D is plotted against D plasma level 
in Fig. 2. Maximum rate of tubular excretion (Tm) averages 
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Effect of varying plasma level on rate of tubular excretion of diodrast iodine. 
Rate of tubular excretion is almost directly proportional to plasma level up to 
somewhere between 10 and 15 mg I per 100 ce plasma, where it breaks rather 
sharply, Tm being reached at between 15 and 20 mg I per 100 ce plasma. Solid 
circles designate means of 3 or more consecutive periods at a constant plasma level. 
individual periods on a falling plasma level after a single injection with subject 
TF, ©] same for another experiment on same subject, ()2 same for another 


experiment on same subject; /\ same on subject JE; same on subject P. 


2 Chesley, L. C., and Chesley, E. R., Am. J. Physiol., 1939, 127, 731. 
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44 mg I/min/1.73 M? on 3 normal subjects; it is reached at a plasma 
level between 15 and 20 mg I per 100 cc and is unaffected by presence 
of inulin. This value is somewhat lower than Smith’s latest figure of 
57. The fall in Tm seen in Fig. 2 at the highest plasma I levels was 
obtained in experiments where a single large dose of D (35 to 60 cc) 
was given within 10 minutes and urine collections begun 5 minutes 
later. This transitory fall in Tm is presumably due to a renal vaso- 
constriction or to transitory tubular disturbance and is not seen when 
plasma D is maintained at a high constant level for some time before 
beginning urine collections, i. e., in the latter case Tm at 50 mg % 
plasma I is not lower than at 20 mg %. 
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Serum Albumin Regeneration Following Intravenous Amino- 
Acids (Hydrolyzed Casein) in Hypoproteinemia Produced 
by Severe Hemorrhage.* 


Rospert EtmMAN. (With the technical assistance of Harriet Wolf.) 


From the Department of Surgery, Washington University School of Medicine, 
St. Louis, Mo. 


Acute hypoproteinemia was produced in fasting dogs by a single 
severe hemorrhage; the details have been described elsewhere. One 
hour later injections were started, intravenously, which lasted 3 
hours.” No symptoms were produced by this treatment. The solution 
injected consisted of 10% each of a mixture of amino-acids and dex- 
trose. The dose varied with the weight of the dog, 7. e., 3.5 g per 
kilo of each (amino-acids and dextrose). The amino-acid mixture 
was obtained from casein by enzymic digestion.f As shown by pre- 
liminary observations it contained all of the essential amino-acids in 
that it required no additions in order to maintain nitrogen balance in 
dogs. It was not as completely digested as the acid hydrolysate of 
casein which was used in our previous experiments.” Thus, only 
70% of its nitrogen could be accounted for an amino-acid nitrogen; 
the rest probably occurred as dipeptides. 

In control experiments’ it was observed that no change in the 


* Aided by a grant from the Louis B. Beaumont Fund. 
1 Elman, R., 4m. J. Physiol., Jan., 1940. 


t Product 92-Z kindly furnished by the Mead Johnson & Company, Evansville, 
Ind. 


2 Elmax, R., Proc. Soc. Exp. Bron. AND Mup., 1937, 36, 867. 
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serum albumin or globulin occurred from the first to the sixth hour 
after a standard hemorrhage and replacement with Ringer’s solution. 
In the present experiments, however, a definite increase from 2.60 to 
2.95 g % in the albumin fraction was observed. That this was not 
due to a concentration of the plasma was indicated by two findings: 
first, that the hematocrit decreased indicating a dilution rather than 
a concentration; moreover, the magnitude of this dilution was the 
same as previously reported in the controls.* Secondly, the globulin 
fraction remained relatively unchanged indicating that mechanical 
alterations in the plasma volume were probably not responsible for the 
increase in the albumin. 

From these considerations it is inferred that the injected amino- 
acid mixture was utilized by the body in the rapid regeneration of 
serum albumin. The magnitude of the change was not great; it is 
suggested that this is probably due to at least two factors. First, it 
is probable that under the stress of an acute hemorrhage amino-acids 
are drawn upon from all tissues and this deficit must be met. There 
is evidence, moreover, which will be described in a subsequent com- 
munication, that large amounts of nitrogen are actually lost in the 
urine during the course of a severe hemorrhage. Second, the amino- 
acid composition of casein is considerably different from serum albu- 
min in that a number of essential amino-acids are present in quite 
insufficient concentration, thus acting as limiting factors as far as 
the utilization gram for gram is concerned and requiring a much 
larger dose of casein in order to make up for the deficiency. 

The methods used in the present experiments are described in 
another communication.* The findings in 6 animals are summarized 
in Table I. The change in serum albumin herein reported (.35 g %) 
compares well with the change in serum protein (.38 g %) pre- 
viously reported with similar experiments in which a fortified 
acid hydrolysate of casein was used.” 

TABLE I. 
Changes in hematocrit in percent of whole blood (H), serum globulin in g % 


(Glob.) and serum albumin in g % (Alb.), one and six hours after hemorrhage 
and replacement. 


One-hr determinations 6-hr determinations 

aa ~\ (eS aN 
Dog jal Glob. Alb. 18, Glob. Alb. 
F16 24.8 7 2.23 24.2 1.09 2.32 
G5 29.2 1.84 2.12 26.8 1.48 el 
G6 36.0 1.10 2.86 32.2 .87 BPA 
27 53.9 2.56 3.00 50.3 2.65 3.24 
28 44.3 2.19 3.03 41.7 1.90 3.62 
30 44.5 2.19 2.36 44.5 2.47 2.59 


Avg 38.5 1.84 2.60 36.7 1.74 2.95 
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Summary. The intravenous injection of a mixture of amino- 
acids (enzymic hydrolysate of casein) was followed in a few hours by 
a significant increase in the serum albumin concentration of fasting 
dogs rendered hypoproteinemic by a severe hemorrhage. Since the 
serum globulin concentration and the relative red cell volume both 
decreased, it is inferred that the increase in serum albumin concen- 
tration was due to a regeneration. 
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Further Studies of Antigenic Properties of Bacteriophage. 


J. BRONFENBRENNER AND G. M. KALMANSON. 


From the Department of Bacteriology and Immunology, Washington University 
School of Medicine, St. Louis, Mo. 


Although bacteriophage is antigenic, it has not been found possible 
to induce active anaphylaxis in guinea pigs with bacteriophage,* even 
when employing for the test-injection active purified bacteriophage- 
protein containing 2.6 x 10** lytic units, (1.79 mg of specific protein,” 
equivalent to 5 liters of crude phage). In seeking another method 
of demonstrating the interaction of bacteriophage with its antibody 
in vivo, we attempted to utilize the Shwartzman test. 

Four rabbits were sensitized by repeated injections of crude B. 
coli bacteriophage, and their sera, 10 days after the last (ninth) 
injection, were found to be capable (in a dilution up to 1:320) of 
neutralizing an equal volume of undiluted crude phage having a titer 
of 10° lytic units per cubic centimeter. Two of these rabbits were 
then prepared by the intracutaneous injection of 0.25 cc of meningo- 
coccal filtrate, kindly sent us by Dr. Shwartzman, and 24 hours later 
one of them received intravenously 5 cc of crude phage and the other 
9.5 cc of freshly prepared active purified phage containing a total of 
5.7 x 10** active lytic units (or 3.42 mg of specific protein equivalent 
to 11.4 liters of crude phage). 

The animal that had received crude phage responded within 3 
hours with a typical reaction at the site of the preparatory injection, 
while the one that had received the purified phage had no reaction. 
This difference indicated that the reaction in the animal receiving 


1 Bronfenbrenner, J., and Kalmanson, G. M., J. Bact., in press. 
2 Kalmanson, G. M., and Bronfenbrenner, J., J. Gen. Physiol., 1939, 28, 203. 
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crude phage might have been due not to the bacteriophage itself but 
rather to other constituents of the crude phage. 

In order to inquire further into the nature of this response, the 
other 2 sensitized rabbits were similarly prepared with meningococcal 
filtrate, and 24 hours later one of them received 5 cc of sterile broth 
intravenously, and the other 5 cc of a Berkefeld filtrate of an 18-hour 
broth culture of B. coli. The rabbit receiving broth had no reaction, 
while the one receiving the culture-filtrate had a mild but definite 
reaction. Furthermore, 2 out of 3 normal rabbits gave positive reac- 
tions at the prepared sites when injected intravenously with crude 
bacteriophage, thus indicating the presence of a directly reacting 
factor in the crude lysate. 

Similarly we failed to obtain a Shwartzman reaction in a test of 
reverse passive sensitization to bacteriophage: a normal rabbit was 
prepared by injection of meningococcal filtrate and, after an interval 
of 24 hours, was given an intravenous injection of 11.2 cc of puri- 
fied active phage containing 7.84 x 10** units (or 4.7 mg of specific 
protein equivalent to 15.7 liters of crude phage), followed in one- 
half hour by 5 cc of pooled antiphage-serum intravenously. There 
was no reaction. 

Thus, attempts to demonstrate the im vivo interaction of bacterio- 
phage with its antibody by means of the Shwartzman test were not 
successful in rabbits sensitized to bacteriophage either actively or 
passively, despite the fact that amounts of purified phage-protein 
equivalent to many liters of crude bacteriophage were used for the 
test-injections. 

We have been able to carry out only few experiments thus far, 
because lots of 15 to 20 liters of phage yield sufficient purified phage 
for only one test, and because it is impossible to accumulate a greater 
quantity since purified phage loses its potency on standing. 


18 
11078 P 


Precipitin Antisera for Malignant Tissue. 


LAWRENCE S. MANN AND WILLIAM H. WELKER. 


From the Department of Physiological Chemistry, College of Medicine of the 
University of Illinois, Chicago, Illinois. 


Tissue from human gastric carcinoma was prepared according to 
the method of Spinka and Weichselbaum.* Aluminium cream’ was 
used to adsorb the ground carcinomatous tissue and injected into the 
thigh muscles of rabbits. The resulting antisera, tested biweekly, 
lost precipitins for human blood-proteins within 1 to 6 months, but 
still reacted with autolysates of human gastric carcinoma, although 
not with autolysates of 2 series of 14 different normal organs. 

These specific antisera were tested with sera of carcinomatous 
patients, of normals, and of variously diseased individuals; 67% of 
patients with carcinoma of the stomach gave positive reactions, but 
as there are several varieties of gastric carcinoma, this low percentage 
may be due to the fact that different types may be made up of pro- 
teins of different antigenicities. This point is under investigation. 
Patients with other types of carcinoma had positive sera, but not in 
so great a percentage. Normal sera and those from the variously 
diseased did not react with one exception—a patient with pulmonary 
abscess (carcinoma not excluded). 

Antisera for carcinoma of the cervix gave 87% positive reactions 
with 8 sera of patients with carcinoma of the cervix. The sera of 
normal individuals did not react nor did sera of the various diseases 
with the same exception noted above. Three antisera for carcinoma 
of the cervix reacted with autolysates of 2 different carcinomas of 
the stomach and of a carcinoma of the cervix. Only one of these 
antisera gave a few positive reactions with autolysates of rectal 
carcinoma. 

A precipitin antiserum for human rectal carcinoma reacted with 
autolysates of carcinoma of the rectum and breast, but not with 
autolysates of rat-carcinoma No. 256 or rat-sarcoma No. 10. Anti- 
sera for rat-carcinoma No. 256 and rat-sarcoma No. 10 reacted with 
autolysates of rat-carcinoma No. 256 and rat-sarcoma No. 10, but not 
with autolysates of human carcinoma of the breast or rectum. 

Heretofore, it was difficult to prepare specific antisera for tissue- 


1 Spinka, I., and Weichselbaum, P. K., Proc. Soc. Exp. Bron. AND MEp., 1938, 
38, 447. 


2 Welker, Wm. H., and Tracy, G., J. Biol. Chem., 1915, 22, 55. 
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proteins because antibodies for blood proteins appear no matter how 
well the finely ground tissue is washed—even to a negative precipi- 
tin-reaction. Spinka and Weichselbaum* have attempted to prepare 
specific antisera by the adsorptive method (in vivo and in vitro). 
They found that the titer of the antiserum to the specific protein was 
diminished or disappeared entirely. We have confirmed their results 
(in vitro) in the case of antisera for malignant tissue. In the method 
outlined above, adsorption is not necessary because the antibodies for 
blood-proteins disappear in a shorter time than do the antibodies for 
proteins of carcinomatous tissue. 

Antisera for carcinoma, as prepared by Lumsden,? Pybus and 
Whitehead,* Phelps,’ must necessarily contain antibodies for blood- 
proteins as well as for malignant-tissue proteins. The blood-protein 
antibodies may well be responsible for the toxicity of these antisera 
observed by these investigators. 

Conclusions. 1. Specific antisera have been prepared for the pro- 
teins of malignant tissue. 2. There is a suggestion of a relative 
anatomic specificity of carcinomatous tissue, as a greater number of 
positive reactions occur with autolysates of the homologous tissue 
and with sera of cases having the same type of malignancy. 3. These 
precipitins for the proteins of malignant tissue show promise as 
diagnostic aids. A high percentage of sera from patients with 
malignant tumors react positively. The higher percentages of posi- 
tive reactions were obtained in cases where the malignant growth 
had the same anatomic location as the tumor from which the anti- 
serum had been prepared. 4. Our preliminary results indicate that 
possibly these precipitins are species-specific, because antisera for 
rat-tumors do not react with autolysates of human carcinoma and 
VICe-Versa. 


3 Lumsden, T., J. Path. and Bact., 1931, 34, 349. 
4 Pybus, F. C., and Whitehead, H. R., J. Path. and Bact., 1929, 32, 195. 
5 Phelps, H. J., Am. J. Cancer, 1937, 31, 441. 
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Study of the Effect of Specific Kidney Antisera on the Normal 
Kidney. 


ALEXANDER M. BucuHoiz. (Introduced by William H. Welker.) 


From the Department of Physiological Chemistry, College of Medicine of the 
University of Illinois, Chicago, Ill. 


Pure albumin and pseudoglobulin were prepared from dog’s blood 
according to the method of Hektoen and Welker.* Potent precipitins 
were prepared for the above antigens according to the method of 
Hektoen and Welker* and were used to determine the presence or 
absence of blood-proteins in the urine of dogs in subsequent experi- 
ments. 

Four normal dogs with normal urines were exsanguinated; the 
blood was saved to obtain blood proteins, and the liver, brain, stom- 
ach, spleen, lung and kidneys were perfused with saline, and then 
thoroughly ground. A portion of kidney and all of the other organ- 
materials were used to prepare autolysates, and the remainder of the 
kidney-material was washed several times with more saline, fixed on 
aluminium cream and injected into rabbits for preparation of organ- 
antiserum according to the method of Spinka and Weichselbaum,* 
whereby blood-protein antibodies are eliminated without the necessity 
of absorption. 

The kidney-antisera cross-reacted with liver- and brain-autolysates 
though to a definitely lower titer than with the specific antigen. 

Healthy dogs with normal blood pressure and urine were injected 
intravenously with normal rabbit serum, a dog-kidney antiserum 
which had become attenuated, and a potent kidney-antiserum in doses 
of 1 cc per pound of body weight. Urines were examined for albu- 
min, red blood cells, and casts, and by means of precipitin-tests for 
kidney-protein and dog-blood protein. 

The injection of normal rabbit serum and attenuated kidney- 
antiserum produce no demonstrable changes. The injection of potent 
kidney-antiserum produced within one hour blood-pressure changes, 
appearance of kidney-proteins, red blood cells, and granular casts in 
the urine, and the microscopic pathological changes of extreme diffuse 
vascular dilatation, increase of Bowman’s space, branching of 
glomeruli, tubular degeneration, and leukocytic infiltration of the 
entire kidney. 


1 Hektoen, L., and Welker, W. H., J. Infect. Dis., 1924, 35, 295. 
2 Hektoen, L., and Welker, W. H., J. Infect. Dis., 1933, 53, 309. 
3 Spinka, I., and Weichselbaum, P. K., J. Chem. Soc., 1938, 38, 447. 
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Le PRECIPITIN ANTISERUM FOR PLACENTAL PROTEINS 


These effects of kidney-antiserum free from antibodies for blood 
proteins suggest that its nephrotoxic effect is dependent on an anti- 
gen-antibody reaction and is not due to the primarily toxic influence 
of the animal serum or to the presence of antibodies to blood proteins 
as has been suggested by Pearce* and Smadel.” 


11080 P 


Preparation and Diagnostic Value of an Antiserum for 
Placental Protein. 


Harotp R. COHEN AND VINCENT C. FreEpDA. (Introduced by 
William H. Welker. ) 


From the Departments of Physiological Chemistry and Obstetrics, College of 
Medicine of the University of Illinois, Chicago, Ill. 


This investigation was undertaken first, because a study of the 
placenta might add to our meager knowledge of tissue antigens and 
second, a placental antiserum might afford a simple diagnostic test 
for pregnancy. 

There are several reports on antisera for placental proteins. 
Kintse’ prepared an antiserum for syncitial material, which contained 
a specific antiplacental precipitin. Lake? isolated nucleoprotein, 
globulin, albumin, and gelatin from human placenta and by im- 
munization with these produced antisera that reacted with placental 
proteins and with human serum. 

The method of Spinka and Weichselbaum,’ utilized for the prepa- 
ration of antisera, makes it possible to obtain directly, without 
relying on the use of absorptive procedures either in vivo or in vitro, 
sera free of antibodies for blood proteins. 

Fresh human placentas were frozen and the cord and amniochorion 
were readily removed. The placentze were ground in a meat-grinder 
and then washed with large volumes of chilled saline until snowy 
white. After further grinding with sand, the fine suspension was 
washed free of water-soluble protein, adsorbed on aluminium hy- 
droxide cream, and injected intramuscularly into rabbits. After 


4 Pearce, R. M., Univ. Penn. Med. Bull., 1903-04, 16, 217. 

5Smadel, J. E., J. Hap. Med., 1936, 64, 921. 

1 Kintse, Z. Geburtsch., 1912, 72, 575. 

2 Lake, J. Infect. Dis., 1914, 14, 385. 

3 Spinka and Weichselbaum, Proc. Soc. Exp. Bion. AND Mep., 1938, 38, 447. 
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2 months the serum no longer contained precipitins for human 
blood-proteins, presumably due to the exhaustion of the blood- 
proteins from the antigen-depots. Placental autolysates were strati- 
fied on the antiserum and reactions were read after one hour at 
room temperature. A precipitation at the interface appearing after 
this time was considered a positive reaction. The most potent prep- 
arations were obtained after autolyzing the tissue for 8 hours at 
Sioa Ox 

The organ-specificity of the antiserum was tested with autolysates 
of 16 normal human organs. Autolysates of ovary, prostate, heart, 
testis, adrenal, lung, pituitary, pancreas, and breast gave negative 
reactions. Those of brain, kidney, liver, stomach, uterus, thyroid, 
and spleen gave positive reactions in varying degrees, those of liver, 
kidney, and uterus giving the strongest. These results correspond 
with the findings of other investigations on organ-antisera. 

With an antiserum that reacted strongly with placental autolysate, 
we attempted to demonstrate the presence or absence of placental 
proteins in 160 samples of blood-sera and urines of pregnant women. 
Of the known pregnancies tested in the second and third lunar 
months (4 and 9 cases respectively), a positive reaction occurred 
with sera in 75% and 78%; with urines in 75% and 33%. In the 
later months of pregnancy comparable percentages were obtained. 
The sera of normal non-pregnant women and of males gave negative 
reactions. Urines that gave positive reactions became negative after 
standing for a short time and therefore the urines were tested directly 
after being voided. 

Sera of certain gynecological patients, such as fibroid uterus, 
salpingitis, and cervicitis, gave positive reactions. However, with 
antiserum from which precipitins for liver and kidney had been 
removed by in vitro absorptive methods, these reactions disappeared. 
Although strong reactions were obtained with autolysates of pla- 
cental tissue the reactivity of the absorbed serum had been so 
diminished that it was no longer capable of detecting the minute 
amount of placental protein present in the urines and sera of preg- 
nant women. Investigations now under way towards the modifica- 
tion of our technic give promise of production of specific high- 
titered sera. 

Conclusions. A precipitin for placental proteins reacted strongly 
with autolysates of placental tissue, kidney, liver, and uterus. It 
reacted with a high percentage of the sera of pregnant women but 
not with normal sera. Some women with diseased genito-urinary 
tracts yielded positive sera. 
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Influence of Catharsis and Diarrhea on Gastrointestinal Absorp- 
tion of Ascorbic Acid in Infants. 


ARTHUR F. Ast, CHESTER J. FARMER AND YALE J. TOPPER. 


From the Department of Biochemistry, Northwestern University Medical School, 
and the Pediatric Service, Sarah Morris Children’s Hospital, Chicago. 


Since the development of a method for the determination of as- 
corbic acid in feces by Chinn and Farmer,’ it has been possible to 
study the normal and abnormal absorption of ascorbic acid from the 
intestinal tract. Abt and Farmer? have emphasized the possibility 
that under certain pathologic conditions absorption of vitamin C 
from the intestinal tract must be definitely abnormal. This hypothe- 
sis has been experimentally confirmed in the adult.7 Meyer and 
Robinson,® in studying infants with diarrhea, noted that the blood 
plasma values for ascorbic acid remained low, and the urinary excre- 
tion was diminished, even though these patients were given large 
daily oral doses of vitamin C. When these infants recovered, the 
blood plasma levels and urinary excretion returned to normal. When 
ascorbic acid was administered parenterally, a rise in blood plasma 
levels and urinary excretion was noted, in contradistinction to the 
lack of response obtained on oral administration. 

A normal 10-months-old infant was placed on a metabolism frame 
for 3- to 4-day periods and blood plasma level,* urinary excretion 
and fecal excretion’ of ascorbic acid were determined. As will be 
noted in Table I, even with the oral administration of large amounts 
of vitamin C supplement,* the daily excretion of vitamin C in the 
stools was under 4 mg. During this control period the infant aver- 
aged from one to 2 stools daily, and these were of a formed charac- 
ter. The administration of 4 g of magnesium sulphate dissolved in 
water and orally administered was followed by semi-liquid stools and 
a ten-fold increase in the fecal excretion of ascorbic acid. 

A number of infants suffering with acute, non-specific diarrhea 

1Chinn, Herman, and Farmer, Chester J., Proc. Soc. Exp. Bion. AND Mep., 
1939, 41, 561. 

2 Abt, Arthur F., and Farmer, Chester J., J. A. M. A., 1938, 1141, 1555. 

3 Meyer, L. F., and Robinson, P., Ann. Pediat., 1939, 152, 283. 

4 Farmer, C. J., and Abt, A. F., Proc. Soc. Exp. Biot. AND MeEp., 1936, 34, 146. 

“We are indebted to Merck and Co., Inc., Rahway, N. J., for supplying the 
ascorbie acid (Cebione) used in this investigation. 


We are indebted to Dr. David Cohn, Director of the Chemistry Department, 
Ne!son Morris Research Institute, for providing laboratory space. 
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TABLE I. 
Normal Blood Plasma Levels, Urinary and Fecal Excretions and Effect of Catharsis 
After Oral Ingestion of Ascorbie Acid. 
Subject: E. B., age 1 yr, normal infant. 


Additional Urinary 
supplement, Plasma excretion Fecal excretion 
mg ascorbic ascorbic — No. of 
ascorbic acid, acid, Moist Ascorbic stools 
Date acid* mg % mg wt, g acid, mg daily 
w.9 300 
10 300 
ila! 300 1.12 41.58 35 1.43 1 
12 300 1.68 74.66 12 2.00 2 
13 300 1.33 58.24 33 2.41 2 
HHEE 
18 300 0.67 15.16 14 0.31 1 
19 300 0.71 25.63 19 2.38 2 
20 300 1.26 32.88 20 2.55 2 
21 0 1.75 67.68 17 3.76 2 
HEE 
23 300 
24 300 1.22 lost 43 3.70 il 
25 300 2.04 61.26 19 1.64 2 
26 300 2.37 247.76 24 3.92 1 
27 0 2.31 192.07 18 3.90 1 
KEK 
8- 1 300 1.13 60.03 16 2.56 1 
2 0 1.07 lost 12 2.02 1 
3 300 
plus 4 g MgSO, 1.02 lost 56 1.98 2 
4 0 1.33 70.00 107 22.27 2 
liquid 
KEK 
ig 0 0.75 lost 32.5 1.62 1 


* The infant was on a mixed dietary containing approximately 50 mg ascorbic 
acid daily. 
**** Periods off metabolism frame. No supplement of ascorbic acid. 


were placed upon a metabolism frame and blood plasma level, urinary 

excretion and fecal excretion of ascorbic acid were studied. The oral 

administration of large amounts of vitamin C was followed by a 
TABLE II. 

Influence of Diarrhea on Orally Ingested Ascorbic Acid, Blood Plama Level and 


Fecal Excretions. 
Subject: M. S., age 244 months, severe diarrhea and dehydration. 


Additional Urinary 
supplement, Plasma excretion Fecal excretion 
mg ascorbic ascorbic ~ Type of 
ascorbic acid, acid, Moist Ascorbic stools 
Date acid* mg % mg wt, g acid, mg daily 
9- 8 0 23 0.84 204 1.76 liquid 
9 200 24 0.89 196 1.64 dey 
10 200 26 1.10 410 28.25 de 
11 200 .29 2.92 297 52.40 Be 


12 0 26 1.89 285 34.35 semi-formed 


* Dietary consisted of protein milk formula. 
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greatly increased fecal excretion in these infants suffering with 
diarrhea; Table II is an example of a 214-month-old infant with a 
severe diarrhea and dehydration. Blood plasma levels and urinary 
excretion remained low, as noted by Meyer and Robinson.* 

Summary. Ascorbic acid is excreted in small amounts in the stools 
of the normal infant studied. Large amounts of orally administered 
ascorbic acid are excreted in the stools of infants following catharsis 
and during acute diarrhea. The increased fecal excretion of orally 
administered ascorbic acid during acute diarrhea in the infant points 
to its failure of absorption in the intestinal tract, and explains the 
low blood plasma values and low urinary excretion. 
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Does Alcohol Stimulate Gastric Secretion by Liberating 
Histamine? 


Cart A. DRAGSTEDT, JOHN S. GRAy, ALFRED H. LAWTON AND 
Max RAMIREZ DE ARELLANO. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


The stimulation of gastric secretion by alcohol is similar to the 
stimulation by histamine in a number of ways. They both stimulate 
the secretion of a juice that is highly acid but relatively low in peptic 
power.’ The stimulating effect of alcohol, like that of histamine, is 
much more resistant to the inhibitory effect of atropine than is the 
usual meal stimulus.” * Similarly the stimulating effect of alcohol, 
like that of histamine, is more resistant to the inhibitory effect of fat 
feeding than is the usual meal stimulus.* Such similarities suggest 
the possibility that these two substances, alcohol and histamine, act 
upon the stomach by a similar mechanism. There is no known 
reason to suppose that histamine acts through the mediation of alco- 
hol, while there are some reasons to suppose that alcohol may act 
through the mediation of histamine. In the first place the general 
nature of the pharmacological action of alcohol is that of a depres- 
sant, so that a bona fide stimulation of gastric secretion is not con- 
sistent with its usual effects. In the second place a large variety of 


1 Kreuger, L., and MacIntosh, F. C., Am. J. Dig. Dis. 1937, 4, 104. 
2Gray, J. S., Am. J. Physiol., 1937, 120, 657. 
3 Gray, J. S., and Bachrach, W. H., Proc. Soc. Exp. Bron. AND Mzp., in press. 
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substances, such as ether, chloroform, methyl dichloride, glycerol, 
saponin,” * ° etc., have the property of stimulating gastric secretion 
when introduced into the intestine. These substances, like alcohol, 
have the common properties of producing hemolysis and altering 
cellular permeability. Of more interest, a number of them have 
been shown to be capable of liberating histamine from mammalian 
tissues." That some or all of these substances may owe their ability 
to stimulate gastric secretion to their ability to liberate histamine 
may be implied from the data available. Our interest, however, was 
directed toward determining whether alcohol could liberate hista- 
mine from tissues so that the theoretical conception of alcohol acting 
by a “histaminergic’’ mechanism, could have a valid basis. 

The isolated lungs of guinea pigs were perfused through the pul- 
monary artery with Sollmann-Rademaeker’s solution according to the 
method of Feldberg and Kellaway.* They were rhythmically venti- 
lated with air throughout the experiment. Two kinds of procedures 
were employed. Either small amounts of alcohol (5 cc) of 7, 10, 
15% (by volume) were injected into the perfusion system imme- 
diately proximal to the cannula in the pulmonary artery, or the con- 
trol perfusion fluid was replaced by perfusion fluids containing 2, 3, 
4, 6% of alcohol. By one method the lungs were briefly exposed to 
alcohol of moderately high concentrations and by the other, to pro- 
longed contact with alcohol of lower concentrations. The perfusates 
were tested for histamine-like activity upon the guinea pig intestine. 
In all but one of 10 experiments thus far performed an increase in 
histamine-like activity has been found in the perfusates obtained 
after alcohol administration by either method. That the activity of 
these perfusates is due. to histamine is indicated by the following 
observations. The activity is destroyed by boiling while alkaline, but 
not when acid. The activity is destroyed by incubation with hista- 
minase.* The stimulating action of the perfusate upon the guinea pig 
intestine is not prevented by atropine, but is prevented by arginin. 
While the identification of the active substance in the perfusates as 
histamine is not absolute, it is certainly very strong. 

4 Ivy, A. C., and Mcllvain, G. B., Am. J. Physiol., 1923, 67, 124. 


5 Ivy, A. C., and Javois, A. J., Am. J. Physiol., 1925, 71, 604. 

6 Ivy, A. C., Lim, R. K. S., and McCarthy, J. E., Quart. J. Exp. Physiol., 1925, 
15, 55. 

7 Kellaway, C. H., and Trethewie, E. R., Abst. J. Eup. Biol. and Med. Science, 


1939, 17, 225. 
8 Feldberg, W., and Kellaway, C. H., J. Physiol., 1937, 99, 257. 
* We are indebted to The Winthrop Chemical Company for the histaminase used 


in these experiments. 
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We believe, therefore, that these observations, in conjunction with 
present known facts regarding the stimulating action of alcohol upon 
gastr ic secretion, warrant the theory that alcohol has a “histaminer- 
gic” action and that its stimulating action upon gastric secretion de- 
pends upon this mechanism. 


11083 


Peptone Shock in Fetal Dogs and its Significance in the 
Metabolism of Histamine. 


Cart A. DracsTtepT, MAx RAMIREZ DE ARELLANO AND ALFRED 
H. LAwrTon. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


It has previously been shown’? that “peptone” shock in dogs, 
which is produced by the intravenous injection of proteoses, is ac- 
companied by and due to the liberation of histamine from the tissues 
of the injected animals. The source of, and the reasons for, the 
storage of histamine in the tissues are only incompletely understood. 
It seemed, therefore, of interest to determine whether histamine is 
present in the tissues of fetal animals, and if it is present, to determine 
whether it can readily be liberated with resulting shock reactions such 
as occur in adult animals. The studies of Code® indicate that the 
traces of histamine which are normally present in the blood of dogs 
occur in the cellular elements and not in the plasma. This would 
imply that the histamine normally circulating in the blood of a preg- 
nant dog would not be accessible to the fetus. As there is no oppor- 
tunity for the formation of histamine within the fetus by bacterial 
decomposition of histidine in the fetal intestine, it may be presumed 
that any histamine occurring in fetal tissues has been produced by 
local mechanisms such as histidase.* 

The skeletal muscle and liver of a 200 g fetus, obtained by 
Caesarian section, were assayed for histamine by the method of Best® 
and Best and McHenry.® The skeletal muscle assayed less than 0.1 

1 Dragstedt, C. A., and Mead, F. B., J. Pharm. and Exp. Ther., 1937, 59, 429. 

2 Dragstedt, C. A., and Mead, F. B., J. Pharm. and Iaxp. Ther., 1938, 68, 400. 

3 Code, C. F., J. Physiol., 1937, 90, 349. 

4 Holtz, P., and Heise, R., Archiv. f. exp. Path. u. Pharm., 1937, 186, 377. 

5 Best, C. H., J. Physiol., 1929, 67, 256. 

6 Best, C. H., and McHenry, E. W., J. Physiol., 1930, 70, 349. 
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mg histamine base per kilo of tissue. It is, therefore, somewhat 
doubtful whether any histamine was present. The liver assayed 
5.0 mg of histamine base per kilo of tissue. 

Three 400 g fetuses, obtained at term, were anesthetized with ether 
and arranged for the recording of the carotid blood-pressure. Two 
cc per kilo of peptone solution were injected intravenously in each 
case, and the resulting reactions recorded. The peptone solution 
used was a 10% solution of Bacto-Protone-Difco, which had pre- 
viously been acidified, shaken with permutit, filtered, and then neutral- 
ized. Such solutions contain negligible quantities of histamine, are 
rich in proteose and have been found very satisfactory.? A severe 
reaction occurred in each instance. The reaction was fatal in one, and 
probably would have been fatal in the others, although in these any 
possible recovery was prevented by bleeding them to death so that 
histamine determinations of the blood could be made. The blood was 
incoagulable in each instance. The plasma in each instance had a 
histamine activity equivalent to 0.6 gamma histamine base per cc 
when tested on the etherized and atropinized cat. 

Discussion. Histamine occurs in the liver, if not in the skeletal 
muscle of the dog fetus. The quantity appears to be less than that 
occurring in adult dogs, although more information is necessary to 
establish the average relationship. Peptone shock can occur in the 
dog fetus and, as is the case in the adult dog, it is associated with the 
liberation of histamine. These findings would seem to have a bear- 
ing on the question of the metabolism of histamine, indicating that an 
appreciable part, at least, of the histamine store in the tissues owes 
its existence to other than bacterial production. 
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Toxic and Therapeutic Response of Blood and Bone Marrow 
to Sulfanilamide. 


J. T. Paut ano L. R. Limarzr. (Introduced by Robert W. 
Keeton. ) 


From the Department of Internal Medicine, College of Medicine, University of 
Illinois, Chicago. 


Sulfanilamide may produce an acute hemolytic anemia, which 
comes on rapidly after therapy and may terminate fatally. More 
commonly, however, the drug causes a mild type of anemia which is 
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familiar to all physicians. The acute anemia is characterized by a 
marked reduction in the erythrocyte count and hemoglobin, a macro- 
cytosis, reticulocytosis, leucocytosis, and increased icterus index. 
Wood! has reported an incidence of 21 cases of acute hemolytic 
anemia among 522 patients treated with sulfanilamide. 

Therapeutic doses of sulfanilamide were administered to 9 pa- 
tients. This group consisted of 4 cases of subacute bacterial endo- 
carditis, 2 normal patients, and one case each of streptococcus sore 
throat, chronic pyelitis and Hodgkin’s disease. The dosage varied 
from 24 g to 72.3 g given over a period of 8 to 17 days. Complete 
haematological studies including sternal bone-marrow aspirations 
were made before, during and after therapy. A modification of 
Pontoni’s® technic was utilized in doing the differential cell counts 
of the bone marrow. The mean cell diameters of the erythrocytes 
were computed in 4 cases. Blood sulfanilamide levels were deter- 
mined according to the method modified by Marshall.* 

It was observed that there was a definite increase in the mean cor- 
puscular volume of the erythrocytes after the administration of sul- 
fanilamide. The average mean corpuscular volume (Table I) of 
the 9 cases before therapy was 86.0 cubic microns and after, 100.2 
cubic microns respectively. The increase in volume was not de- 
pendent on the dosage of sulfanilamide. The effect of sulfanilamide 
upon the total erythrocyte count was variable. The depression in the 
erythrocyte count ranged from 190,000 to 1,280,000 with an average 
drop of 660,000. The hemoglobin, leucocytes, reticulocytes and 
icterus index were not markedly altered. 

With the exception of some increase in the number of stab forms, 
the differential white cell count remained practically unchanged. 
Normoblasts were not found in smears of the peripheral blood. The 
mean cell diameter of the erythrocyte was slightly increased. The 


TABLE I. 
Average Value of Nine Cases Before and After Sulfanilamide. 


Mean 

corpus- Reticu- g 
Hemo- Hrythro- Leuco- Hemato- cular locytes Ieterus sulfanil- 
globin cytes cytes crit vol. % index amide 


Before 
sulfanilamide 11159 3,96 8,883 34.2 86.0 0.85 5.2 


41 
After 


sulfanilamide 10.3 3,30 7,816 33.1 100.2 1.14 6.1 


1 Wood, W. B., J. A. M. A., 1938, 111, 1916. 
2 Pontoni, L., Hematologica, 1936, 17, 833. 
3 Marshall, E. K., J. Biol. Chem., 1937, 122, 268. 


HAEMATOLOGICAL RESPONSE TO SULFANILAMIDE Sil 


free sulfanilamide level of the blood varied from 2.1 mg to 12.5 mg 
per 100 cc of blood with an average value of 6.2 mg per 100 cc of 
blood. 

Therapeutic doses of sulfanilamide produce a moderate normo- 
blastic bone marrow hyperplasia with most of these cells at the 
orthochromatic stage. The myeloid elements and megakaryocytes 
showed no conspicuous change. The differential cell count of the 
bone marrow showed an average myeloid-erythroid percentage of 
69.5% to 30.5% before therapy, and a value of 46.2% to 53.8% 
after therapy. There is no relationship between the dosage of the 
drug and the normoblastic reaction of the bone marrow. 

The toxic effect of sulfanilamide was observed in one case (Table 
II). It will be noted that an acute hemolytic anemia developed after 
the administration of 15 g over a period of 8 days. This was mani- 
fested by a marked depression of the hemoglobin and erythrocyte 
count, pronounced leucocytosis, macrocytosis, reticulocytosis, and 
elevated icterus index. 


TABLE II. 
Case of Acute Hemolytic Anemia. 
Mean 
corpus- Reticu- g 
Hemo- Erythro- Leuco- Hemato- cular locytes Icterus sulfanil- 
globin cytes cytes erit vol. % index amide 
Before 9.1 3,50 14,500 32.0 91.4 0.9 5.0 
15 in 
8 days 
After 5.25 1,66 57,800 18.0 108.4 58.0 15.0 


A moderate shift to the left of the Schilling Index was found in 
the differential cell count of the peripheral blood. The bone marrow 
showed a marked normoblastic and pronormoblastic reaction with 
most of the normoblasts of the basophilic type. The differential cell 
count showed a myeloid-erythroid percentage of 71% to 29% before 
therapy, and a value of 26.5% to 73.5% after therapy. The 
megakaryocytes were not affected. 

Machella and Higgins* have recently demonstrated a marked 
anemia with increase in the volume of the red cells in white rats fol- 
lowing the administration of 1 g of sulfanilamide per kilo of body 
weight. Using therapeutic doses of the drug in man, our results 
were quite similar. Continuation of sulfanilamide therapy after the 
development of macrocytosis did not induce an acute hemolytic 
process. An increase in the volume of the red cells was usually found 
to occur about the seventh day. The acute hemolytic anemia pro- 


4 Machella, T. E., and Higgins, G. M., Am. J. Med. Sci., 1939, 198, 804. 
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duced by sulfanilamide differs from the macrocytic anemia just 
mentioned in that it develops between the third and sixth days of 
therapy and is rapidly progressive in degree. By virtue of its rapid 
onset after the use of therapeutic doses, it is reasonable to believe 
that this form of anemia is due to an idiosyncrasy or susceptibility 
to the drug, rather than to the administration of toxic doses. 

The macrocytic anemia which commonly follows treatment with 
sulfanilamide can be ascribed either to the development of an acute 
hepatitis or the direct effect of the drug upon the bone marrow. Due 
to the relatively short interval between the onset of therapy and the 
macrocytosis, it is not likely that the anemia is induced by liver 
changes. On the contrary, evidence of the action of sulfanilamide 
on bone marrow is demonstrated by its normoblastic response. 

Conclusion. Therapeutic doses of sulfanilamide commonly pro- 
duce macrocytic anemia and a normoblastic bone-marrow reaction. 
In the acute hemolytic anemia the bone marrow shows a more marked 
normoblastic reaction with predominance of young forms. 
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Estrogen-Induced Hypospadias in the Female Rat.* 


R. R. GREENE, M. W. Burritt AND A. C. Ivy. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Normal development of the external genitalia of the female rat 
can be grossly modified by treatment with estrogens, either antepar- 
tum or immediately postpartum.*“ 

The normal female rat has a clitorine urethra with the urinary 
meatus located at the tip of the clitoris (the word “clitoris” is used 
to indicate the female phallus and not just the glans clitoridis). The 
proximal portion of the clitorine urethra is anatomically a true 


* Supported in part by a grant from the Josiah Macy, Jr., Foundation. The 
alpha estradiol (Ovocylin) and estradiol dipropionate (Di-Ovocylin) were fur- 
nished through the courtesy of Ciba Pharmaceutical Products, Ine. 

1 Hain, A. M., Edinburgh Med. J., 1935, 42, 101. 

2 Greene, R. R., Proc. Soc. Exp. Bron. AND Mep., 1937, 36, 503. 

8 Greene, R. R., and Ivy, A. C., Science, 1937, 86, 200. 


4 Turner, C. D., and Burkhardt, W. L., Proc. Soc. Exp. Bron. AND MEp., 1939, 
42, 267. 
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urethra, while the distal portion of the functional urethra is formed 
by the preputium which surrounds and extends beyond the end of 
the glans clitoridis. 

In the estrogen-modified animals no such clitorine urethra is 
present. The urethral meatus is located in an abnormal position, at 
the base of the phallus. The phallus itself is cleft on the caudal sur- 
face. Its component structures are therefore exposed. 

A more extensive abnormality has been produced in an unreported 
group of 10 adult females. These animals received no direct treat- 
ment. However, their mothers received very large doses of estrogens 
during pregnancy. The mothers of 9 animals were given estradiol 
dipropionate in dosages varying from 3.0 to 50.0 mg between the 
12th or 13th to the 17th or 19th days of pregnancy. The mother of 
the 10th animal received 5.5 mg of alpha estradiol between the 13th 
and 20th days of pregnancy. The clitorides of these animals pre- 
sented the anomalous conditions already described. In addition, 
these animals had no discrete vaginal orifice. The small orifice 
located at the base of the cleft phallus, on investigation, proved to be 
a common opening for both urethra and vagina. These two struc- 
tures joined to form a common canal 3 to 4 mm proximal to the 
external orifice. 

Observations on normal development have been presented pre- 
viously in conjunction with studies on the effects of androgens on 
sexual development.’ In order to interpret the abnormality noted 
above it is necessary to review briefly the normal embryonic and 
postnatal development of the female. In the female rat the caudal 
portion of the vagina is formed during embryonic development by 
a longitudinal fission of the urogenital sinus into a ventral portion 
(urethra) and a dorsal portion (lower vagina). This fission, studied 
by consecutive wax reconstructions, proceeds caudalward, but even 
at birth is not quite complete. The most caudal portion of the vagina 
is still connected to the urethra by a bridge of epithelial cells and is 
not patent. The urinary meatus at birth is located at the caudal base 
of the phallus and represents the still unclosed primary urogenital 
ostium. Late in embryonic development the median urethral groove 
is formed on the caudal face of the phallus. At birth this median 
groove is continuous with the urinary meatus at the base of the 
phallus. Both are macroscopically visible. During normal post- 
natal development this urethral groove is roofed over by fusion of 
the 2 halves of the preputium which meet in the midline of the caudal 
surface of the phallus. Asa result of this fusion the urethral groove 


5 Greene, R. R., Burrill, M. W., and Ivy, A. C., Am. J. Anat., 1939, 65, 415. 
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is transformed into the clitorine urethra and the urogenital ostium is 
closed so that the urinary meatus is transferred from the base of 
the phallus to its tip. The male rat presents a more advanced stage 
of development at birth. With a few exceptions the penile urethra 
is already completely formed and the primary urogenital ostium is 
closed at birth. 

There is an obvious similarity between the conditions of the ex- 
ternal genitalia in the estrogen-modified females and the conditions in 
the embryonic states. In these modified adult females, as in the 21- 
day-old fetus, the more caudal portions of the vagina and urethra 
have not separated. Some development beyond the fetal stage has 
taken place in that the vagina is completely canalized, but the last 3 to 
4 mm of both urethra and vagina are still represented by their normal 
precursor, the urogenital sinus. The urethral meatus in these animals 
is still situated as it is in the fetal and also the newborn state, in the 
position of the primary urogenital ostium, 7. e., at the base of the 
cleft phallus. 

The phallus of these females remains in the cleft condition due to 
the fact that the preputial folds have failed to fuse and thus no cli- 
torine urethra is formed. Subsequent growth of other parts of the 
phallus concomitant with growth of the animal to the adult state 
tends to exaggerate the defect. What appears as a groove in the fetus 
or newborn animal becomes a wide open cleft in the adult, exposing 
the glans clitoridis and also certain other homologues of the male 
cavernous structures which are normally present in newborn and 
adult female rats. 

In the less modified animals previously reported by various work- 
ers, the degree of developmental arrest is less extensive and resembles 
more the conditions in the normal newborn female rather than the 
conditions in the fetus. Some degree of development occurs in that the 
vagina and urethra are no longer contiguous as they are normally at 
birth. The vagina therefore has an external orifice which is separate 
from the urethral orifice. The latter, however, is maintained in the 
location of the primary urogenital ostium at the base of the phallus. 

The chief distinction between the two types of defects is that in 
the more highly modified animals the development of the caudal por- 
tion of the vagina is completely inhibited so that, in effect, the lower 
portion of the urogenital sinus is retained as in the fetal state, whereas 
in the less highly modified animals vaginal development continues to 
a point where the vagina has an external opening separate from that 
of the urethra. In both types, however, the urinary orifice is located 
in an abnormal position, at the base of the cleft phallus. 
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These genital defects, which are produced by estrogenic treatment, 
therefore, are due to inhibition of normal development. 

The explanation of this defect provided by Turner and Burkhardt* 
obviously neglects consideration of embryonic and normal postnatal 
development. It is apparently based on gross observations of the 
abnormality in 6 out of 16 treated animals and on comparison with 
the normal fully developed female. These authors believe that the 
extensive fissure in the clitorine prominence apparently results from 
more extensive cleavage of the preputial fold than occurs normally. 
This is very unlikely inasmuch as no cleavage of the preputial fold 
normally occurs. The process involved is definitely an inhibition of 
the normal fusion of the two halves of the preputium. The “erectile” 
bodies noted by Turner and Burkhardt are merely the homologues of 
the male cavernous structures which are normally present in the 
female. The lack of development and fusion of the preputial folds 
has left these structures exposed. 

The defect is not due to “resorption of a portion of tissue which 
developmentally forms the anterior wall of the urogenital sinus,” as 
Hain has suggested’ because there is no tissue covering the urethral 
groove to be resorbed. 

Turner and Burkhardt have objected to the application of the 
term “hypospadias” to the genital abnormality under consideration. 
The normal female rat has a clitorine urethra while these modified 
animals do not. Instead, the urinary meatus is located at the base of 
the phallus in the position of the primary urogenital ostium. The 
term “hypospadias” therefore seems to be applicable, since it is ana- 
tomically descriptive of the defect. This same hypospadias has been 
produced in male rats by the administration of very high doses of 
estrogens to the pregnant mothers. In the males the defect is also 
due to inhibition of normal development.® 

Summary. The administration of very large doses of estrogens 
to pregnant rats has caused a permanent hypospadias and lack of de- 
velopment of the most caudal portion of the vagina, in the female 
offspring. The abnormality represents an arrest of development so 
that conditions similar to those found in the 21-day fetus are re- 
tained. 


6 Greene, R. R., Burrill, M. W., and Ivy, A. C., unpublished data. 
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Effects of Atropine and Fat on Gastric Secretion Stimulated 
by Alcohol. 


Joun S. Gray AnD Witiiam H. Bacuracu. (Introduced by 
AY Galvy;) 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Although dilute alcohol has become a popular gastric test meal, 
little is known about its mode of action or the possible influence of 
other drugs upon its action. Local contact with the gastric mucosa 
appears not to be essential for its action since alcohol has been reported 
to be an effective stimulus for the secretion of acid gastric juice when 
introduced into the rectum (Babkin’) or into the small intestine,” * or 
even intravenously.” ° Neither section of the vagi® nor the sympa- 
thetics® interferes with its action on the gastric glands. Orbeli® has 
stated that atropine in very large doses (5 mg) abolished the effect 
of alcohol in one dog. Kreuger and MacIntosh® have more recently 
stated that large doses (0.3 mg per kg) of atropine completely in- 
hibited the secretion of gastric juice in response to alcohol; smaller 
dose, however, served merely to diminish the response. These 
results suggest that alcohol resembles histamine, which has been 
shown to be much more resistant to the inhibitory effect of atropine 
than is the usual meal stimulus.® In order to investigate this possi- 
bility further, the effect of atropine on the gastric secretory response 
to alcohol and to a meal has been determined in Pavlov pouch dogs. 

Methods. Three dogs with the Pavlov type of gastric pouch were 
used. In one series of experiments 100 g of beef hearts ground and 
brought to a boil in 100 cc of water were fed to the dogs either alone, 
or with 50 cc of olive oil, or with 1 mg of atropine sulfate adminis- 


1 Babkin, B. P., Die Aussere Sekretion der Verdauwungsdrusen, Julius Springer, 
Berlin, 1928. 

2 Chittenden, R. H., Mendel, L. B., and Jackson, H. C., Am. J. Physiol., 1898, 
1, 164. 

3 Ivy, A. C., and Mellvain, G. B., Am. J. Physiol., 1923, 67, 124. 

4 Petrovitch, A., and Bokanowa, E., C. R. Soc. Biol., 1929, 102, 633. 

5 Newman, H. W., and Mehrtens, H. G., Proc. Soc. Exp. Bron. AND MeEp., 1932, 
30, 145. 

6 Orbeli, L. A., Arch. des. Sct. biol., 1906, 12, 71. 

7 Ishido, B., Biochem. Z., 1922, 130, 151. 

8 Kreuger, L., and MacIntosh, F. C., Am. J. Dig. Dis., 1937, 4, 104. 

9 Gray, J. S., Am. J. Physiol., 1937, 120, 657. 


O7 


ALCOHOL AND GASTRIC SECRETION 


6. PGS §CL SéL 9 SL 8°SS oS8L SIT 9 [tO 9AT[O 99 QG— 6“ AC ECKUMCICUN CC 

63 §S8L POL FOL F C/E OVcESsC gg Gg 99 90T ¢¢ SS. 9 sutdore Bary ey ee x 
Sis LP “S71. 8 ime Oh Cae pf Gis Set Voer 9 [oyooye % 1 JO 09 OST 

86 6F Zan Coley, 96 T6E FF T6L 9 [IOSOATO -OQGs= A ee aes 

00T $0 0 iy 00T 38 0 Om & eutdouze SUE T— 6g cece ge 
1G, SUG MPO TE SFFL OGOL TIF OT yavoy Jooq 3 QOT 


poe su But 0. sjsoy, ple sul But oo sjsay, prloe su su oD §4S8aJ, 
ae1f PHB PLE "JOA JOON B9IF Pow Pe "JOA JOON VIF poe prwe ‘JOA JOo‘oN 


jo [ejoy, 017 jo ejoy, song jo [ejoy, cog 
“qryay “qryuy “qryuy 
% % o%, 
ee ee oe sae WES eee 
€ ‘ON 30q Z ON 80g T ON S0q 


eee 
“UOTPILNG OISVH WO [IO PATIO puv ourdosyy Jo spoT 


T #lavia 


38 PHOTOELECTRIC STUDY OF LIEBERMANN-BURCHARD REACTION 


tered subcutaneously. In a second series of experiments the meat 
meal was replaced by 120 cc of 7% alcohol administered by stomach 
tube. In all cases the gastric juice was collected over a 3-hour period 
and titrated for free acid (Topfer’s reagent) and total acid (phenol- 
phthalein). 

Results. The results, in the form of averages for the different 
experiments are presented in Table I. It can be seen that 1 mg of 
atropine sulfate completely abolished the gastric secretory response to 
the meat meal, but only partially reduced the response to 7% alcohol. 
Similarly, the alcohol stimulus proved to be more resistant than the 
meat meal to the inhibitory action of olive oil. 

The available evidence suggests that a close resemblance exists 
between the actions of alcohol and histamine on the gastric glands. 
The action of both is resistant to the inhibitory action of atropine and 
fat, and Kreuger and MacIntosh® have reported that both stimulate 
the production of a juice of high acidity and low pepsin concentration. 

Conclusions. In dogs with Pavlov pouches the gastric secretory 
response to dilute alcohol is resistant to the inhibitory effects of 
atropine or fat. 
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Photoelectric Study of Liebermann-Burchard Reaction and Its 
Significance in Determination of Cholesterol. 


WILLIAM S. HOFFMAN, 


From the Department of Physiological Chemistry, The Chicago Medical School, 
Chicago. 


The common colorimetric method for the determination of chol- 
esterol is based upon the Liebermann-Burchard? reaction, in which 
acetic anhydride and concentrated H,SO, are added to a dilute solu- 
tion of cholesterol in chloroform. The color produced is at first blue, 
then becomes green and finally, on long standing, a yellow-brown. 
This reaction, in spite of its apparent simplicity, has proved difficult 
to control, for the intensity as well as the shade of the color is 
markedly influenced by small differences in the concentrations of the 
reagents, the presence of traces of water or other impurities, time, 
and temperature. The many previous efforts to control these factors 


1 Liebermann, C., Ber. Deut. Chem. Ges., 1885, 18, 1803. 
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by modification of the technique of Autenrieth and Funk? and of 
Bloor* have been for the most part empirical. A study of the reac- 
tion, however, with the aid of the photoelectric colorimeter and 
varying filters gives a clue to the nature of the reaction and the 
principles that must be followed for exact, duplicable, colorimetric 
analysis of cholesterol. 

A mixture of 15 cc of acetic anhydride, 1 cc of concentrated H,SO, 
and 24 cc of chloroform, C.P. was used as the reagent. This mixture 
was prepared immediately before using, since it decomposes on stand- 
ing for more than an hour. Five cc were added with thorough 
mixing to 5 cc of a chloroform solution containing 0.48 mg of 
cholesterol in a glass-stoppered cylinder. The vessel was immediately 
placed in a water bath maintained at the proper temperature. This 
procedure, which was also followed in the routine analysis of choles- 
terol, eliminated errors due to inaccuracy of measurements of small 
quantities of acetic anhydride and H.SQO, and to irregular initial 
temperatures produced by direct addition of H.SO,, and allowed 
accurate measurement of the effect of time and temperature. Read- 
ings were made with a photoelectric colorimeter with an orange filter 
with a maximal transmission at 620 mp, or with a blue filter with a 
maximal transmission at 430 mp.* The curves obtained were plotted 
on semi-logarithmic paper, since the concentration of the light- 
absorbing substance is proportional to the negative logarithm of the 
reading. 

At 26°C, with an orange filter, the absorption progresses to a 
maximum in 13 minutes, then slowly recedes and approaches zero 
(Fig. 1). With a blue filter, absorption increases continuously with 
time, shows no maximum in an hour, but at that time is approaching 
a constant value (Fig. 2). At higher temperatures with the orange 
filter, a maximal absorption is reached earlier, but the value is less. 
At temperatures lower than 26°C, a maximal absorption is more 
delayed, but when reached has a higher value and is maintained for 
a longer time before recession occurs. At 15°C, a maximal absorp- 
tion is not obtained in an hour. Further readings at 15°C indicate 
that the reagent decomposes before a true maximum is reached. 
With a blue filter, curves at various temperatures are similar to each 
other, but the absorption at 60 minutes is proportional to the tem- 
perature (Fig. 2). At 10 minutes, the effect of temperature change 


2 Autenrieth, W., and Funk, A., Miinch. Med. Woch., 1913, 60, 1243. 

3 Bloor, W. R., J. Biol. Chem., 1915, 23, 317. 

* The Cenco-Sheard-Sanford Photelometer, manufactured by the Central Scien- 
tific Company, was used in these experiments. 
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Fig. 1 (Left) 

The relationship between light-absorption with an orange filter and the time of 
the development of the color, at various temperatures. A reading of 100 indicates 
no absorption. 

Pie. 2 (Right) 

The relationship between light-absorption and time at various temperatures, 
with a blue filter. 
upon the reading is much greater for both filters in the lower tempera- 
ture range than in the higher. 

These results indicate that the Liebermann-Burchard reaction con- 
sists of 2 phases: A, the production of a blue substance which has 
absorption bands both in the region of the blue and of the orange; 
B, the decomposition of this blue substance, as soon as it is formed, 
into a yellow substance which has an absorption band only in the blue. 
Reaction B is affected by increased temperature more than is A. 
Therefore, at higher temperatures, the point is reached sooner where 
the decomposition of the blue substance is as fast as its formation, 
and the sooner this point is reached, the less there is of the blue 
substance. 


Spectrophotometric examination of the colored solution with the 
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Cenco-Sheard Spectrophotelometer confirmed these findings.t There 
are 2 broad absorption bands, one between 600 and 660 mp with a 
maximum at 630, and another between 380 and 440 mu with a max- 
imum at 420 mz. As the solution changed from blue to green to 
yellow-brown, the absorption band in the orange-red became more 
shallow while that in the blue became deeper. 

It is obvious that these facts must be considered in applying the 
Liebermann-Burchard reaction to the analysis of cholesterol. All the 
factors which determine the intensity and shade of the color, partic- 
ularly time and temperature must be controlled. This is especially 
true of photoelectric methods, for here analyses of unknown and 
standard solutions are not made simultaneously. In the photoelec- 
tric method, either an orange or a blue filter may be used, but the 
former is preferable since the reading can be made at a maximal 
value after a short time. Besides, colored impurities in the reagents 
give little blank with an orange filter, but may show appreciable and 
variable blanks with a blue filter. Since the time of the reading can 
be fixed more readily than the temperature, it is best to make the 
readings with the orange filter at exactly 10 minutes at a temperature 
of 26°C or slightly above, for at this time, and this temperature 
range, there is the least effect of change of temperature upon the 
reading. 

In the actual determination of cholesterol in blood, 0.2 cc of serum 
(or whole blood) are allowed to dry on a filter paper disc and then 
extracted with about 4 cc boiling chloroform for 60 minutes in a 
Leiboff* extraction tube. The cooled chloroform solution is then 
quantitatively transferred to a 10 cc glass stoppered cylinder, made 
up to 5 cc with chloroform, and treated with 5 cc of the freshly pre- 
pared reagent. The cylinder is placed in a water bath kept between 

TABLE I. 


Accuracy of Determination of Cholesterol. 
The results are expressed as mg per 100 ce. 


Total Cholesterol 
No. of Added 


a Se ae CR 

Sample Determinations Concentration Cholesterol Calculated Found 
Cholesterol solutions 

240 mg per 100 ce 8 240 +3 

160 mg per 100 ce 8 160 + 2 
Serum 8 Uyfeh ae 80 258 252 
Serum 8 1844 4 100 284 294 
Whole blood 8 148 + 5 160 308 310 


+ The author is indebted to Dr. M. N. States, of the Central Scientific Company, 
for his assistance in the spectrophotometric study. 
4 Leiboff, S. L., J. Biol. Chem., 1924, 61, 177. 
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27°C and 26°C for 9 minutes. The colored liquid is then transferred 
to a fused glass absorption cell and read in the photelometer with an 
orange filter at exactly 10 minutes. The value is read from a calibra- 
tion curve obtained from the analyses of standard cholesterol solu- 
tions in chloroform made exactly in the same manner. The curve 
plotted on semi-logarithmic paper is a straight line. 

The accuracy and duplicability of the method is attested to by the 
findings in Table I. Added cholesterol was recovered with the same 
degree of accuracy. 
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Effect of Adrenocorticotropic Hormone in 4-Day-Old Rats.* 


Henry D. Moon. (Introduced by H. M. Evans.) 


From the Institute of Experimental Biology and the Department of Anatomy, 
University of California, Berkeley. 


Adrenocorticotropic hormone (A-C-T) has been assayed in this 
laboratory using the 21-23-day-old male rat.1 This test requires 
relatively large amounts of A-C-T. For this reason the response of 
4-day-old rats to A-C-T has been studied with the hope of finding 
them to be more sensitive. 

On the day of birth, rats were grouped into litters of 8, containing 
both males and females. Beginning on the 4th day postpartum, the 
rats in each litter were injected intraperitoneally with 0.1 ml of 
A-C-T preparations (previously assayed in 21-23-day-old rats) 


TABLE I. 
Effect of A-C-T on 4-day-old Rats. 


Avg body wt 

— FF Avg wt Avg wt 

Init. Final of adrenals of thymus 

No. of rats Dose units grams grams mg mg 

16 0.05 9.5 12 3.7 10.5 
16 0.10 9.6 14.2 4.0 9.5 
16 0.15 9.5 11.5 4.3 d.4 
16 0.25 9.0 11.2 4.4 5.3 
16 0.50 a 10 6.1 2.5 
40 controls 9.8 14.0 2.4 20.9 


* Aided by grants from the Board of Research of the University of California 
and Rockefeller Foundation of New York City. Assistance was rendered by the 
Federal Works Progress Administration, Project O.P. 65-1-08-62 Unit A-5. 

1 Moon, H. D., Proc. Soc. Exp. Bron. AND MeD., 1937, 35, 649. 
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daily for 3 days. The litter was then sacrificed 24 hours after the 
last injection, the adrenals and thymuses dissected out, fixed, and 
then weighed. The adrenals were weighed together and the thy- 
muses were weighed separately unless the atrophy was nearly com- 
plete. In some cases only 4 of the littermates were injected and 4 
kept as controls. Table I shows the effects of A-C-T on adrenals 
and thymuses of 4-day-old rats. 

Mammotropict and growth preparations as well as inactivated 
A-C-T preparations were given to the 4-day-old rats. Thymic 
atrophy was not produced by these preparations. 


TABLE II. 
Effect of Mammotropie and Growth on 4-day-old Rats. 


Totaldose Avgadrenal Avg thymus 


No. of rats Extract units wt, mg wt, mg 
16 Mammotropin 502 2.6 19.7 
16 Growth hormone 5§ 2.6 24.6 
16 28 22 10 2.9 28.2 


2 Lyons, W. R., Proc. Soc. Exp. Biot. AND MEp., 1937, 35, 645. 
§ 1 unit of Growth Hormone: the daily amount required to cause plateaued 
female rats to gain 2 g per day over a period of 20 days. 


Celloidin sections were cut of the adrenals and thymuses, and 
stained with hematoxylin and eosin. Microscopic examination re- 
vealed that the adrenals of the rats injected with 0.05 units showed 
definite evidences of stimulation.|| When compared to the controls, 
the cells throughout the adrenal cortex were larger; there was an 
increase in the number of mitoses; there was vascular congestion in 
the cords of cells in the zona fasciculata; there was an increase in the 
amount of fat vacuoles. These changes were more marked in the 
adrenals of rats injected with larger amounts of A-C-T. 

The atrophic thymuses of rats treated with A-C-T showed a loss 
of the lymphocytes. There appeared to be a relative increase in num- 
ber of epithelial cells, although there was no evidence of actual 
hyperplasia of the epithelial elements of the thymus. 

It is to be noted that even at the lowest level of A-C-T adminis- 
tered (0.05 units) there was gravimetric (Table I) as well as histo- 
logic evidence of stimulation of the adrenal cortex. Thus 0.05 unit 
will cause a 50% increase in the adrenal weights of 4-day-old rats, 


t Prepared and kindly supplied by Dr. W. R. Lyons of this laboratory. 

¢ Prepared and kindly supplied by Mr. Donald Meamber of this laboratory. 

|| With more active A-C-T preparations, this response was obtained with as little 
as 0.2 mg of total solids. These preparations were obtained by repeated solution 
and precipitation from acid acetone solutions and isoelectric precipitations from 
aqueous solutions as deseribed in the method first published (Cf. Ref. 1). 
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whereas it requires one unit to cause a 50% increase in the adrenal 
weights of 21-day-old rats. We believe that 4-day-old rats afford 
a more satisfactory method of assay for A-C-T because of greater 
sensitivity. 

Summary. The response of 4-day-old rats to various anterior 
pituitary extracts has been described. It was noted that 4-day-old 
rats responded with adrenal hypertrophy and thymic atrophy to much 
smaller amounts of A-C-T than 21-23-day-old rats. Mammotropic 
and growth preparations did not cause adrenal hypertrophy and 
thymic atrophy. It is concluded that the 4-day-old rats will be a 
more sensitive test animal for A-C-T preparations. 
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Effect of Adrenocorticotropic Hormone on the Thymus of Rats.* 


Rosert H. CrEpDE AND Henry D. Moon. (Introduced by H. M. 
Evans. ) 


From the Institute of Experimental Biology and the Department of Anatomy, 
University of California, Berkeley. 


It was reported in earlier papers that the administration of adreno- 
corticotropic hormone (A-C-T) to immature rats resulted in adrenal 
hypertrophy” ? and thymic atrophy.” * It has also been noted that 
large amounts of A-C-T will also cause a depression of somatic 
growth, whereas the viscera continue to grow. These findings have 
been studied considerably more in detail in this laboratory. 

A-C-T, prepared and assayed by the method previously published,* 
was given at various levels to 21-23-day-old normal male rats in 3 
daily injections. The rats were autopsied 24 hours after the last 
injection. It was noted that the thymic atrophy was proportional to 
the amount of A-C-T administered as seen in Table I. 

Atrophy of the thymus following the administration of the gonado- 
tropic hormone of pregnant mare serum was reported by Evans and 


* Aided by grants from the Board of Research of the University of California 
and Rockefeller Foundation of New York City. Assistance was rendered by the 
Federal Works Progress Administration, Project O.P. 65-1-08-62 Unit A-5. 

1 Moon, H. D., Proc. Soc. Exp. Bron. and MeEpD., 1937, 35, 649. 

2 Moon, H. D., Proc. Soc. Exp. Bion. AND Mzp., 1937, 37, 34. 

3 Evans, H. M., Moon, H. D., Simpson, M. E., and Lyons, W. R., Proc. Soc. 
Exp. Biot. AND MED., 1938, 38, 419 

+ Results on the inhibition of growth to be published later. 
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TABLE I. 
Effect of A-C-T on Normal Immature Male Rats. 
Age at Length of 
autopsy, treatment, Adrenals, Thymus, 
No. of rats days A-C-T units days mg mg 
80 26-28 Controls 3 16.9 174 
5 26 1% 3 18.2 146 
5 26 % 3 18.6 133 
5 26 % 3 19.6 116 
10 26-27 1 3 24.1 78 
6 27 2 3 33.1 33 
6 27 4 3 49.9 19 


Simpson.* This atrophy was mediated through the gonads as shown 
by the effectiveness of the sex hormones in causing thymic atrophy.* 

In order to rule out the possibility of adrenocorticotropic hormone 
causing thymic atrophy through the gonads, extracts were given to 
castrate rats. Table II shows that A-C-T caused just as marked 
atrophy of the thymus in castrate rats as in normal rats. 


TABLE II. 
Effect of A-C-T in Castrate Rats. 


Age at Length of Avg wt Avg wt 
autopsy, treatment, of adrenals, of thymus, 
No.ofrats days A-C-T units days mg mg 
6 males 26 1.0 3 26.0 96.0% 
GP <3? 25 1.25 3 28.5 78.5* 
12 Gis 26 Controls 19.0 220.0* 
6 females 46 40 25 125.0 33.0 
Ser’? 46 Controls 44.0 462.9 


*Compare with Table I. 


To determine whether or not the action of the A-C-T on the 
thymus was mediated through the adrenals, adrenalectomized animals 
were injected with A-C-T. Male rats were adrenalectomized when 
21 to 22 days old. Injections were begun on the day following oper- 
ation and given in 3 daily doses. The animals were autopsied 24 
hours after the last injection. Table III shows that A-C-T had no 
effect on the thymus of adrenalectomized rats. 


UAB IE ile 
Effect of A-C-T in Adrenalectomized Rats. 


Age at Age at Length of 
operation, autopsy, A-C-T treatment, Thymus, 
No. of rats days days units days mg 
6 males 22 26 4 3 197 
Sr 22 26 Controls = 178 


4 Evans, H. M., and Simpson, M. E., Anat. Rec., 1934, 60, 423. 
5 Schacher, J., Browne, J. S. L., and Selye, H., Proc. Soc. Exp. Bron. anD MeEp., 


1937, 36, 488. 
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A-C-T has also been given to hypophysectomized rats at various 
levels to determine the amount of repair of the adrenal cortex as well 
as to demonstrate thymic atrophy. It was noted that when a total of 
1 unit or less of A-C-T was given, that no consistent decrease in the 
thymus could be demonstrated although this amount of A-C-T 
stimulated the adrenals. However, when more than 2.5 units were 
given over a period of 10 days there was always marked atrophy of 
the thymus. 

Conclusions. 1. A-C-T caused acute thymic atrophy in normal 
21-23-day-old rats. 2. Castration did not prevent thymic atrophy 
produced with A-C-T. 3. This atrophy was observed in hypophysec- 
tomized rats although to a lesser degree. 4. A-C-T did not cause 
thymic atrophy in adrenalectomized rats. 5. It would seem likely 
that thymic atrophy produced with A-C-T is through the adrenal 
cortical steroids. 
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Response of Thyroidectomized Rats to Adrenocorticotropic 
Hormone.* 


Henry D. Moon anp WayNE HANSEN. (Introduced by H. M. 
Evans. ) 


From the Institute of Experimental Biology and the Department of Anatomy, 
University of California, Berkeley. 


It has been reported by McQueen-Williams' and Emery and Win- 
ter* that adrenal hypertrophy could not be obtained in thyroidecto- 
mized rats with the administration of pituitary substance. This has 
been interpreted as evidence for a pituitary factor which acts on the 
adrenals through the thyroid. Recently Rosen and Marine? have 
presented data showing a decreased response of the adrenal cortex 
of guinea pigs to prolonged injections of an acetic acid extract of 
pituitary following thyroidectomy. 

The evidence presented by McQueen-Williams and Winter and 

* Aided by grants from the Board of Research of the University of California 
and Rockefeller Foundation of New York City. Assistance was rendered by the 
Federal Works Progress Administration, Project O.P. 65-1-08-62 Unit A-5. 

1 McQueen- Williams, M., Proc. Soc. Exp. Bro. AND Mep., 1934, 32, 296. 

? Emery, F. E., and Winter, ©. A., Anat. Rec., 1934, 60, 381. 

3 Rosen, S. H., and Marine, D., Proc. Soc. Exp. Brou. AND Mep., 1939, 41, 647. 
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Emery* for a directly acting adrenocorticotropic hormone is the 
compensatory adrenal hypertrophy after unilateral adrenalectomy in 
thyroidectomized rats. Recently there has been increased evidence 
for a directly acting adrenocorticotropic hormone. In a previous 
paper from this laboratory,° there was a footnote stating that re- 
moval of the thyroid gland did not effect the adrenal hypertrophy 
obtained in immature male rats treated with adrenocorticotropic 
hormone. Atwell® has reported repair of the interrenal bodies in 
hypophysectomized thyroidectomized tadpoles with pituitary ex- 
tracts. Jores and Boecker* were able to obtain adrenal hypertrophy 
with adrenocorticotropic extracts in thyroidectomized guinea pigs. 
Adrenocorticotropic hormone (A-C-T) prepared and assayed by 
the method described in a previous paper* was injected intraperi- 
toneally (1% solution) into normal and thyroidectomizedt male 
rats (22 to 23 days old) daily for 3 days. The animals were sacri- 


TABLE I. 
Normal Rats. 


Wt of 2 adrenals 


A-C-T injected, , —, 
No. of rats units Range, mg Avg, mg 
75 0 9.9-22.0 16.7 
6 0.2 15.0-23.2 18.6 
6 0.4 19.0-24.3 21.5 
6 0.8 19.4-25.0 22.6 
6 1.2 22.0-32.0 26.0 
6 2.0 30.2-36.0 33.8 
6 5.0 50.0-66.2 59.4 
TABLE II. 
Thyroidectomized Rats. 
Wt of 2 adrenals 
A-C-T injected, (oe 
No. of rats units Range,mg Avg,mg 
26 0 11.5-22.0 16.6 
8 0.75 16.5-24.0 20.0 
8 1.50 20.0-36.5 27.9 
6 3.40 23.2-40.4 35.4 


4 Winter, C. A., and Emery, F. E., Am. J. Physiol., 1936, 116, 164. 

5 Moon, H. D., Proc. Soc. Exp. Bion. AND MED., 1937, 35, 649. 

6 Atwell, W. J., Am. J. Physiol., 1937, 118, 452. 

7 Jores, A., and Boecker, W., Z. f. ges. Exp. Med., 1937, 100, 332. 

+ All thyroid tissue visible under a dissecting microscope was removed. The 
region was dissected and examined at autopsy. Although there was the possibility 
of the presence of microscopic remnants of thyroid tissue, it was considered that 
if thyroid activity was concerned in the adrenal hypertrophy with adrenocortico- 
tropic hormone, there would be a significant decrease in such activity after rela- 
tively complete thyroidectomy. Injections were begun on the rats on the day 
following thyroidectomy. 
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TABLE III. 
Desiceated Thyroid and A-C-T in Normal Immature Male Rats. 


Wt of 2 adrenals 


Desiceated -—sTTO 

No. of rats thyroid, mg A-C-T units Range, mg Avg, mg 
6 25 0 14.5-19.0 16.2 
6 25 1 20.9-26.9 24.6 
6 0 il 22.1-27.0 25.2 


ficed on the day following the last injection. The adrenals were re- 
moved, weighed and fixed in Bouin or 10% formol. 

Normal male rats were given desiccated thyroid alone and in com- 
bination with A-C-T. The desiccated thyroid was given in an 
aqueous suspension by stomach tube. A single administration was 
given and the animals autopsied on the fourth day. A-C-T injections 
were begun on the day that the desiccated thyroid was given, and the 
injections were given daily for 3 days. 

The results in Table III show that the administration of desic- 
cated thyroid produced no augmentation of the effect of A-C-T on 
the adrenals. The efficacy of the desiccated thyroid was indicated by 
the fact that all the rats given the desiccated thyroid lost from 2 to 
4 g from their initial body weight (A-C-T preparations cause an 
inhibition of growth but not a Joss in body weight). 

Celloidin sections stained with iron haematoxylon and aniline blue, 
and frozen section stained with Sudan III and haematoxylin showed 
no significant differences between the adrenals of normal and thy- 
roidectomized animals treated with adrenocorticotropic hormone. 

Conclusions. The adrenal hypertrophy of normal and thyroidec- 
tomized rats has been shown to be directly proportional to the amount 
of adrenocorticotropic hormone administered. There was no evi- 
dence that the presence of the thyroid gland was necessary for the 
adrenal cortical hypertrophy produced by adrenocorticotropic prep- 
arations when given immediately after thyroidectomy. The adminis- 
tration of desiccated thyroid to normal rats did not augment the 
adrenal hypertrophy caused by adrenocorticotropic hormone. Fur- 
ther work will be necessary to determine whether or not a certain 
minimal amount of a thyroid principle is necessary in the production 
of adrenal hypertrophy. 
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Rise of Blood Pressure During Ischemia of the Gravid Uterus.* 


Ertc OGDEN, G. J. HILDEBRAND AND Ernest W. Pace. (Introduced 
by N. W. Shock.) 


From the Division of Physiology, University of California Medical School. 


To test the concept that diminished uterine blood supply might 
play some part in the hypertension of eclampsia’ the carotid blood 
pressure was recorded in acute experiments while the aorta was 
partially occluded below the renal arteries. 

Ten animals anesthetized with chloretone, with morphine and pen- 
tobarbital sodium, or by decerebration under ether were used. Six 
were pregnant (5 dogs, 1 cat) ; 4 were non-pregnant controls. 

The carotid and femoral blood pressures were recorded kymo- 
graphically and a long-handled screw clamp was adjusted around the 
aorta just below the renal arteries. The incision was closed with the 
clamp handle protruding and the animal was left undisturbed until 
the blood pressure was stable. The clamp was then tightened until 
the femoral pressure fell to about half its previous value and the 
carotid pressure was followed (Table I). 

In the non-pregnant control animals aortic compression was not 
followed by any change in carotid pressure other than the immediate 
adjustments discussed by Brotchner.* Rytand,* Brotchner,’ and 
Goldblatt, Kahn, and Hanzal* have all pointed out that there is no 
progressive increase of arterial pressure after constriction of the 
aorta below the renal arteries. 

In 4 of the 6 pregnant animals aortic compression was followed by 
a definite gradual rise of blood pressure; in the other 2 the rises were 
small (16 mm in 2 hours and 24 mm in one hour respectively). The 
rises were so gradual that one could not usually say exactly when they 
began. The rises under chloretone were clear-cut and amounted to 
10-58 mm but no strictly hypertensive levels were reached, perhaps 
because of the very low initial values. In the animal under morphine 
and nembutal the blood pressure was more normal but the rise was 
small, The 2 decerebrate animals showed considerable (34 and 
48 mm) rises of blood pressure, reaching in one case the definitely 
hypertensive level of 196 mm Hg. 


* Supported by the John and Mary Markle Foundation. 
1 Page, Ernest W., and Ogden, Eric, Am. J. Obst. and Gyn., 1939, 38, 230. 

2 Brotchner, R. J., Proc. Soc. Exp. BioL. AND Mep., 1939, 40, 264. 

3 Rytand, D. A., J. Clin. Invest., 1938, 17, 391. 

4 Goldblatt, H., Kahn, J. R., and Hanzal, R. F., J. Eup. Med., 1939, 69, 649. 
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ISCHEMIA OF GRAVID UTERUS 51 


Release of the aortic clamp was followed by a return to the previous 
blood pressure, sometimes immediately, sometimes gradually during 
20 minutes. 

These rises of blood pressure could be produced repeatedly in the 
same animal except after a long period of unduly severe constriction, 
when it may be supposed that prolonged anoxemia had caused irre- 
versible changes in the uterus or its contents. 

From one dog, after several repetitions of the rise in blood pres- 
sure, the uterus and its contents were removed after clamping the 
mesosalpinx. It was then no longer possible to reproduce the slow 
rise of blood pressure by tightening the aortic clamp. 

Since our 4 control animals exactly confirm Brotchner’s finding 
that compression of the aorta below the renal artery produces no 
such prolonged rise as we have here described, we are forced to 
conclude that the products of conception (7. e., fetus, placenta, or 
gravid uterus) are fundamentally responsible for these slow blood 
pressure rises. This conclusion is confirmed by the animal in which 
the blood pressure failed to respond to aortic constriction after the 
uterus and its contents had been removed. The fact that these char- 
acteristic rises in pressure began to appear and disappear only with 
tightening and loosening of the aortic clamp makes it hard to escape 
the conclusion that compression of the aorta is the factor in these 
experiments which determined the changes. It is possible that some 
nerve excitation originating from the constriction or manipulation 
might produce this effect in the gravid and not in the non-gravid 
animal, but on the grounds already discussed it seems to us very 
much more likely that the immediate determining factor is limitation 
of blood pressure or blood flow to the gravid uterus. 

The attempt to show this effect in chronic experiments has been 
so far unsatisfactory in both dogs and rabbits because if the blood 
supply is not reduced beyond a point which would endanger the fetus 
or cause abortion, there is so much anastomotic circulation established 
within 24 hours that the femoral pressure is nearly equal to the 
carotid. Further steps are being taken to effect a more permanent 
diminution of blood supply to the gravid uterus. 

If these experiments signify that circulatory insufficiency to the 
gravid uterus may produce a rise in systemic blood pressure in ab- 
normal pregnancy, it may well be asked whether a balance between the 
actual uterine blood supply and the effects of temporarily inadequate 
blood supply may not play a part in the regulation of the circulation 
during normal pregnancy, 
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Effect of Temperature on Bacteriostatic Action of Sulfanilamide 
upon Members of the Enterococcus Group. 


ERwWIN NETER. 


From the Laboratories of the Children’s Hospital and the Department of Pathology 
and Bacteriology, University of Buffalo, N. Y. 


Until recently, the members of the enterococcus group were con- 
sidered to be rather resistant to the bacteriostatic and bactericidal ac- 
tion of sulfanilamide, both in vivo and vitro. Thus, Helmholz and Os- 
terberg’ found that sulfanilamide when given by mouth produces a 
urine strongly bactericidal for microdrganisms usually found in 
urinary infections with the exception of the Streptococcus fecalis. 
Bliss and Long? reported that hemolytic enterococci (Lancefield 
group D) were not affected by sulfanilamide in a concentration of 
1:10,000 in beef infusion, neopeptone broth, even when the broths 
were inoculated with relatively small numbers of microorganisms. 
In contradistinction to fibrinolytic hemolytic streptococci, several 
strains of hemolytic enterococci were not or only slightly inhibited 
in 1% dextrose broth containing 0.8% sulfanilamide, when one 
loopful of a 16 to 18 hours broth culture was used for inoculation 
(Neter® *). Long and Bliss’ reported that hemolytic enterococci, 
Lancefield Group D, are resistant to the bacteriostatic action of 
sulfanilamide in concentrations up to 800 mg %; above this concen- 
tration a slight retarding of growth was noted with a few strains. 

Recent experiments, however, revealed that under certain condi- 
tions it may be possible to demonstrate a definite bacteriostatic action 
of sulfanilamide upon members of the enterococcus group. Bliss 
and Long® found that the growth of enterococci may be definitely 
delayed, provided that high concentrations of sulfanilamide and small 
inocula are used. A marked bacteriostatic action of sulfanilamide in 
concentrations from 800 mg % to 1000 mg % upon hemolytic entero- 
cocci could be demonstrated,’ employing as culture medium, 1% 


1 Helmholz, H. F., and Osterberg, A. S., Proc. Staff Meetings of the Mayo Clinie, 
UBB Th, BY 

2 Bliss, E. A., and Long, P. H., New England J. Med., 1937, 217, 18. 

3 Neter, E., J. Bact., 1938, 36. 

4 Neter, E., J. Lab. Clin. Med., 1939, 24, 650. 

5 Long, P. H., and Bliss, E. A., The Clinical and Experimental Use of Sulfanil- 
amide, Sulfapyridine and Allied Compounds, 1939, 102. 

6 Bliss, E. A., and Long, P. H., Abstracts, Third Internat. Congress for Micro- 
biology, New York, 1939, 251. 

7 Neter, E., Proc. Soc. Exp. Bion. AnD Mep., 1939, 42, 668. 
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maltose phenol red broth containing from 6.5% to 7% sodium 
chloride. In this broth the growth of hemolytic enterococci is 
markedly delayed. This culture medium was chosen because of the 
possibility that the delay in growth of the microérganisms may over- 
come the lag-period in the action of sulfanilamide. Bacteriostasis 
was also obtained with broth containing only 144% maltose. Further 
experiments® revealed that hemolytic enterococci in 1% sulfanilamide 
broth, that failed to show visible growth upon incubation in contra- 
distinction to the control, lost their viability more rapidly than the 
microorganisms in the control broth. On the other hand, the death 
rate of very smali inocula of hemolytic enterococci, that failed to 
show visible growth in both the sulfanilamide and control broths, 
was not materially affected by sulfanilamide. Similar results were 
obtained with non-hemolytic enterococci. White and Parker,® and 
White*® recently reported that sulfanilamide is more effective toward 
hemolytic streptococci at 39°C and 40°C than at 37°C. Wengatz, 
Boak, and Carpenter showed that 0.01% of sulfanilamide may 
shorten by 50% the thermal death time of gonococci at 41.5°C. In 
view of these observations it was decided to determine the influence 
of temperature on the bacteriostatic activity of sulfanilamide toward 
members of the enterococcus group. 

The experiments were carried out as follows: As culture medium, 
Y%4% maltose phenol red broth base (Difco), containing tryptose 
(1%), sodium chloride (0.5%), dipotassium phosphate (0.1%) 
and phenol red, was used. To one part of this culture medium, 1% 
of sulfanilamide was added, to the other 144% of sodium chloride. 
Sodium chloride was added to the control broth in order to com- 
pensate for increased osmotic pressure of the sulfanilamide broth. 
The culture media were autoclaved at 15 pounds pressure for 15 
minutes. Several strains of hemolytic and non-hemolytic entero- 
cocci were used; 2 of these strains were obtained through the cour- 
tesy of Dr. J. M. Sherman, Ithaca, New York. Decreasing amounts 
(volume 0.1 cc) of the respective broth culture were used for inoc- 
ulation of sulfanilamide and control broths (volume 5 cc). Parallel 
experiments were carried out at 37°C and 43°C, respectively. Visible 
growth was noted at various intervals. 

Table I presents the results of an experiment in which the bac- 
teriostatic action of 1% sulfanilamide toward a strain of non- 
hemolytic enterococcus was tested, both at 37°C and 43°C. It may 


8 Neter, E., J. Bact., 1940, in press. 
9 White, H. J., and Parker, J. M., J. Bact., 1938, 36, 481. 
10 White, H. J., J. Bact., 1939, 38, 549. 
11 Wengatz, H. F., Boak, R. A., and Carpenter, C. M., J. Bact., 1938, 35, 36. 
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TYROSINASE IN FEATHER GERMS Spe) 


be seen from this table that (1) sulfanilamide at 37°C delayed the 
growth, but did not completely prevent it, even when small inocula 
(1/6,250,000 dilution of a 48 hours culture) were used; (2) sulfan- 
ilamide at 43°C completely and continuously inhibited visible growth 
of the enterococcus; (3) sulfanilamide at 43°C was bacteriostatic 
toward much larger numbers (1:50 dilution of a 48 hours culture) 
of enterococci than at 37°C. 

This increased bacteriostatic activity of sulfanilamide in concen- 
tration of 1% at 43°C could be demonstrated with 3 strains of hemo- 
lytic and 3 strains of non-hemolytic enterococci, even when relatively 
large numbers of microorganisms (1:50 dilution of a 18 to 48 hours 
culture) were used for inoculation. With one strain of non-hemo- 
lytic enterococcus, growth was not completely inhibited but definitely 
retarded by sulfanilamide at 43°C. 

It is important to mention that the growth of the enterococci in the 
control broths was not markedly delayed or suppressed at 43°C in 
comparison to that obtained at 37°C. This observation supports the 
view of White,*® namely, that the increase in activity of sulfanila- 
mide toward hemolytic streptococci cannot be explained solely on 
the basis of a deceleration of the growth rate at higher temperature. 

In conclusion, at 43°C sulfanilamide in concentration of 1% is 
markedly more bacteriostatic toward both hemolytic and non-hemo- 
lytic enterococci, than at 37°C. 
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Tyrosinase in Feather Germs. 


DonaLp R. CHARLES AND Mary E. Rawtes. (Introduced by 
B. H. Willier.) 


From the Biological Laboratories, University of Rochester. 


The presumable enzyme system involved in melanin formation by 
growing feathers does not seem to have been investigated, although it 
might be supposed to be a tyrosinase or dopa-oxidase, by analogy 
with melanogenesis in mammalian skin and hair roots, amphibian 
skin, insect hypoderm, etc. That a tyrosinase is present, whatever its 
role, in feather germs of black and red chickens, and absent or some- 
how masked in the germs of certain white breeds, is shown by the 
following study. 

Feather germs, in which the rhachis tip had not yet (or just re- 
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cently) broken through the sheath, were plucked from New Hamp- 
shire Red, Black Minorca, hybrid black (from Barred Plymouth 
Rock 2 x R.I. Red #) or White Leghorn chickens. At this stage the 
germs were about 2-3, 1.5-2 and 1-1.5 cm long in reds, blacks and 
whites respectively and weighed about 75-100, 40-50 and 35 mg each. 
The feather sheath was split longitudinally, the papilla (which forms 
most of the mass of the germ) removed, and the barbs scraped off 
the inner surface of the sheath. About 150-750 mg of live barb tissue 
were thus obtained from 25-50 feather germs of one color type. They 
were immersed in 2 cc of M/120 pH 7.4 phosphate buffer and ground 
with a small amount of sand. In some cases the resulting mixture 
was centrifuged for 15 minutes at about 2000 r.p.m. and the super- 
natant fluid (approximately 1.5 cc) divided equally among 2 to 4 
serological tubes. In other tests the mixture was divided and the 
portions centrifuged separately so that subsequent reactions oc- 
curred in the presence of precipitated solid barb material. Reagents 
were added to each tube in such concentrations and quantities as to 
bring the reaction mixtures to the compositions shown in Table I. 
Where urethane was not used a small crystal of thymol was added. 
The tubes were plugged with cotton and set in an incubator at 37°C. 
TABLE I. 


Tests for Tyrosinase in Colored Feather Germs and for Tyrosinase Inhibitor in 
Dominant White Germs. 


Melanin formation 


a rae many 
Positive Doubtful Negative 


Composition of test mixture* trials 
1. blackt 0 0 3 
2 a3 tyrosine 7 2 2 
3. ei as urethane 8 0 0 
4, 22 y KCN 0 0 9 
5. »? boiled ee 0 0 4 
6 ue) hy white 1 1 + 
7 ep 2 »? boiled 2 0 3 
8. red 0 0 2 
eee tyrosine 4 a 2 
BU 72 q2 urethane 3 U 2 
storey aa KCN 0 1 3 
Lose 22 boiled ed 0 1 1 
3 tea 1 white 2 2 il 
Lay Re ed »? boiled 3 i 1 
15. white tyrosine 0 0 4 


* Volume of each mixture, about 1 ce. Concentrations in mixtures: tyrosine, 
0.1-0.2%, including undissolved crystals; phosphate buffer pH 7.4, M/40; cyanide, 
M/500; urethane, 5%. Tach portion of extract, from about 50-750 mg of live 
tissue, 7. €., juicy barb portions of 10-50 feather germs. 

t Lines 1-7 are the combined data from Black Minorca and hybrid black barbs. 
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The freshly-prepared extracts were ordinarily very clear, slightly 
grayish if from black, pale orange from red, pinkish from white 
germs. They remained so, or became whitish and somewhat opaque, 
where negative reactions are recorded in Table I. In trials recorded 
as positive, whether from black or red germs, a disc of dense brown- 
black or black appeared at the top of the liquid in 6-30 hours and 
spread slowly downward. That this pigment was really melanin was 
not tested although it seemed very probable from the composition of 
the mixtures. 

The reactions were not very constant among comparable mixtures. 
Of 30 tubes containing colored germ extract and tyrosine, with or 
without urethane (Table I, lines 2, 3, 9, 10), 22 showed definite 
melanin formation, 6 were negative and 3 doubtful. The same lack 
of reproducibility has been found in mammalian skin extracts.» ? 

In spite of the defects of the method, one conclusion can scarcely 
be escaped: birds, or at least chickens, like rabbits,’ mice,? and am- 
phibian larvae* do not lack tyrosinase. Five extracts of colored 
barbs (lines 1 and 8) without added tyrosine did not form melanin; 
but 22 of 31 extracts with tyrosine did. Tyrosine alone at pH 7.4 
is well known to be relatively stable; and 5 of 6 mixtures of tyrosine 
with boiled extract (lines 5, 12) did not react; the sixth was dubious. 
Together these results show only that colored extracts contain a 
heat-labile substance necessary for melanin formation from tyrosine. 
That the substance is an enzyme of the oxidase class is suggested by 
the cyanide effect on its action (lines 4 and 11): 12 of 13 tyrosine- 
extract-cyanide mixtures failed to form melanin and one gave a 
doubtful reaction. The behavior of the extracts thus fits the classical 
definition of tyrosinase: an oxidase system in the presence of which 
tyrosine forms melanin, without added peroxide. 

Several other more uncertain conclusions are suggested by the data 
of Table I. (1) Red feather germs seem to contain a tyrosinase like, 
if not identical with, that of black germs, producing black pigment 
in vitro as do red guinea pig hair follicles in dopa solution.* (New 
Hampshire Reds have some black or red and black feathers but the 
germs used were from regions of red plumage.) (2) White Leghorn 
germs contain little or no tyrosinase, or else have also a tyrosinase 
inhibitor as Hadley’ and others seem to have supposed, on genetic 
grounds. (3) Such a substance, if it exists, is present in too small 


1 Pugh, C. E. M., Biochem. J., 1933, 27, 475. 

2 Charles, D. R., Genetics, 1938, 28, 523. 

3 Figge, F. H. J., Proc. Soc. Exp. Bio. AnD MeED., 1938, 39, 569. 

4 Russell, W. L., Genetics, 1939, 645. 

5 Hadley, P. H., Agric. Exp. Station R. I. State Coll. Bull. 11, 1913, 155, 151. 
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amounts to give a clear tyrosinase inhibition when extracts of roughly 
equal amounts of black and white tissue are mixed (lines 6, TERS. 
14). (4) Five percent ethyl urethane seems to accelerate and perhaps 
intensify the tyrosinase action of feather germ extracts: positive reac- 
tions in the presence of urethane appeared at 5-18 hours; without 
urethane, at 20-40 hours. This effect may come about by blocking out 
certain reducing systems involving dehydrogenases. 

The variability of results is perhaps explained by the morpho- 
logical aspect of pigment formation in feather germs. The melano- 
phores in which the melanin seems to be produced are only a small part 
of the barb tissue. They are fully active, possibly, only in a narrow 
circumferential band at the base of the germ. If these cells alone con- 
tain an appreciable amount of tyrosinase, extract of 100 mg of barb 
would represent only a few mg of tyrosinase-containing tissue. It 
might be expected that much or all of the enzyme would sometimes be 
destroyed during extraction. 

Summary. Extracts of black chicken feather germs show a 
cyanide-sensitive, heat-labile tyrosinase activity, forming melanin 
from tyrosine without added peroxide, in about 80% of trials 
when one cc of the reaction mixture contains extract of 50-750 mg 
of young barb tissue. Extracts of red feather germs show a similar 
activity in about 60% of cases, forming black rather than red pig- 
ment. Extracts of White Leghorn germs do not inhibit the tyro- 
sinase from roughly equivalent amounts of black germ. 
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Inhibition of Experimental Dental Caries by Fluorine in the 
Absence of Saliva.* 


Vircit D, CHEYNE.} (Introduced by H. C. Hodge.) 


From the Diision of Dental Research, Department of Pathology, School of 
Medicine and Dentistry, The University of Rochester, Rochester, N. Y. 


Although the inhibition of dental caries by fluorine has been 
demonstrated in endemic areas’* and in laboratory rats fed on a 


* The investigation upon which this report is based was made possible by funds 
granted by the Carnegie Corporation of New York. 

+ The author wishes to thank Drs. Harold C. Hodge and Sidney B. Finn for 
their kind cooperation in this experiment. 

1 Black, G. V., and McKay, F. S., D. Cosmos, 1916, 58, 129. 

2 Dean, H. T., Pub. Health Rep., 1938, 58, 1443. 
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caries-producing diet* * the mechanism by which the action takes 
place has not yet been adequately demonstrated. Armstrong and 
Brekhus® found a higher fluorine content of sound enamel than in 
carious and offered the hypothesis that this may be the factor re- 
sponsible for the inhibition. In this report we have attempted a fur- 
ther investigation of this mechanism. Since the enamel of the molar 
teeth of the animals used was fully formed before fluorine was applied 
it would appear that the action of fluorine must be due to its being 
held in the region of the tooth surface or, as far as the dentin is con- 
cerned, to the possibility of fluorine reaching it through the circu- 
lation. 

Previous studies are inclined to disregard the ability of fluorine 
becoming incorporated into the tooth surface after formation and 
thus causing an increased resistance to the mechanism responsible for 
decalcification because the rdle exerted by saliva could not be accu- 
rately determined. By using rats in which all the principal salivary 
glands had been removed® we have practically eliminated the pos- 
sibility of fluorine acting through the saliva. Further, since the 
fluorine was administered as potassium fluoride in a drop of water in 
our experiments it is not likely that the fluorine would remain in the 
mouth in this form sufficiently long to have a prolonged effect. How- 
ever, evidence is presented that fluorine administered in this way can 
decrease the incidence of caries in spite of the interference with the 
salivary secretions or mode of administration. 

Experiments and Results. A total of 76 rats were selected from 
the same Wistar breeding stock at weaning. At 22 days of age the 
salivary glands were removed from 32 of the animals. On the 31st 
day all animals were placed upon a caries-producing diet’ and an 
aqueous dosage of 3 mg of fluorine was administered to 12 of the 
operated animals. The food and distilled water were given ad lib. 
Weights were taken every 4 days. After 200 days on the diet, the 
animals were chloroformed, the jaws separated, and all molar teeth 
examined by means of a fine-pointed explorer under a binocular 
microscope, magnification 30. An attempt was made to classify 
lesions into simple fractures and carious cavities. Male and female 
differences were not sufficiently significant to warrant independent 
consideration. 


3 Miller, B. F., Proc. Soc. Exp. Bron. AND MeEp., 1938, 39, 389. 

4 Hodge, H. C., and Finn, S. B., Proc. Soc. Exp. Bion. AND Mep., 1939, 42, 318. 
5 Armstrong, W. D., and Brekhus, P. J., J. D. Res., 1938, 17, 393. 

6 Cheyne, V. D., J. D. Res., 1939, 18, 457. 

7 Hoppert, C. A., Webber, P. A., and Canniff, T. L., J. D. Res., 1932, 12, 161. 
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As may be noted from Table I, the reduction of saliva greatly 
increases the incidence of rat caries. This is in accord with a pre- 
vious demonstration by us.* Normal animals on the caries-producing 
diet average 9.1 cuspal involvements and 3.5 carious teeth per animal ; 
those with salivary glands extirpated average 40.0 cuspal involve- 
ments and 10.5 carious teeth per animal; and desalivated rats re- 
ceiving 3 mg of fluorine per day average 6.0 cuspal involvements and 
2.3 carious teeth per animal. In all the rats the lower teeth were 
more involved than the upper. Since the average number of carious 
teeth in the last group is lower than normal it seems that the beneficial 
cffect of fluorine is more potent than that of the saliva acting inde- 
pendently. Likewise, a reduction of 80 to 85% of these carious 
afflictions in these desalivated rats receiving fluorine (Group III, 
Table 1), shows that the fluorine has a caries-inhibiting effect even 
when oral secretions are at a minimum. The relative frequency of 
occurrence of fractures and advanced cavities in the control and 
fluorine groups suggests that while the fluorine does not prevent the 
initial fracture of the teeth it does prevent the subsequent progres- 
sive destruction. These findings indicate that the fluorine has a direct 
and persistent action on the tooth or in the region where food and 
bacteria come in contact with the tooth surface and in this way re- 
tards the progress of decay. 
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Degeneration of the Infundibular Nerve Fibers Without 
Precipitating Diabetes Insipidus.*t 


ALLEN D. KELLER. 


From the Department of Physiology and Pharmacology, University of Alabama 
School of Medicine. 


In a previous report’ we demonstrated that the denervation theory 
can not hold rigidly in explaining the causation of d. i. providing the 
elaboration of the antidiuretic principle is confined solely to hypo- 
physial tissue. Our experiment does not invalidate the denervation 
theory if hypothalamic tissue possess antidiuretic secretory powers. 


8 Cheyne, V. D., Proc. Soc. Exp. Biou. AND Mep., 1939, 42, 587. 

* Aided by a grant from the Rockefeller Foundation. 

+ Pars nervosa is used as synonymous to Wislocki’s? usage of neurohypophysis. 
1 Keller, A. D., and Hamilton, J. W., Arch. Surg., 1938, 37, 760. 
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Sato? and Trendelenburg® suggested that the hypothalamus does pos- 
sess latent antidiuretic secretory powers. This appeared less remote 
after Geiling’s* strong evidence pointing to the pars nervosa as 
elaborating the antidiuretic principle. Scharrer’ has postulated a 
secretory function for the cells of the supra-optic and paraventricular 
nuclei and Finley’s®* work could well support such an interpretation. 
Wislocki’ and particularly Gersh,® on the basis of indirect anatomical 
evidence, would limit the antidiuretic secretory powers solely to the 
pars nervosa. 

With a view of attempting to gain further insight into the afore- 
mentioned problem the following experiment was executed in 8 cats. 
The ventral portion of the hypothalamus, particularly that portion 
adjacent and posterior to the optic chiasm, was first isolated from the 
rest of the hypothalamic tissue and then removed with forceps. This 
insured complete separation of the hypophysis from the hypothala- 
mus with more encroachment upon the hypothalamus than in our 
previous experiment’ and also eliminated the possibility of leaving 
infundibular nerve fibers taking origin from cells located in the 
hypothalamic tissue immediately adjacent to the hypophysial stalk. 

The cats were maintained on a daily food intake of 100 cc un- 
diluted evaporated milk and 50 g of Baloration. Water was available 
for 22 hours of each 24, Five of the cats were sacrificed from 2 to 
8 months after operation, the remaining 3 are still under observation. 
The water exchange showed no deviation from the normal in 7 of the 
8 cats, while one exhibited a mild increase. The water exchange 
exhibited no noteworthy increase during thyroid and salt feeding. 

Histological studies showed that infringement upon the tissue of 
the pars nervosa (central sloughing with enlargement of the infun- 
dibular cavity) was greater than in our former experiments.’ In 
instances there was essentially no tissue of the pars nervosa remain- 
ing, certainly there was little likelihood that the fragments which 
remained contained functional secretory cells. In instances there was 
no drastic disappearance of the cells of the supra-optic nuclei. This 
was appreciated in our original series but was not reported, except 
privately, because the question was raised as to whether our termina- 
tion dates allowed sufficient time for retrograde degeneration to occur. 


2 Sato, G., Arch. Exp. Path. Pharm., 1928, 181, 45. 

3 Trendelenburg, P., Klin. Wschr., 1928, 181, 45. 

4Geiling, E. M. K., Bull. Johns Hopkins Hosp., 1935, 57, 123. 
5 Scharrer, E., Z. f. d. ges. neurol. n. psychiat., 1933, 145, 462. 
6 Finley, K. H., A. R. N. M. D., 1938, 18, 94. 

7 Wislocki, G. B., and King, L. S., Am. J. Anat., 1936, 58, 421. 
8 Gersh, I., Am. J. Anat., 1939, 64, 407. 
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These cells frequently degenerate following operative procedures 
in the region of the hypophysial stalk. Indeed it is difficult to section 
the stalk through its proximal extent without degeneration of these 
nuclei. The fact that these cells do not always degenerate following 
section of the infundibular nerve fibers does not question that their 
axis cylinders contribute to the “infundibular nerve trunk.” It does 
demonstrate that factors other than mere section of the axis cylinders 
are responsible for their disappearance. 

In view of Sato’s and Scharrer’s work could it be possible that the 
cells of the supra-optic nuclei, or other hypothalamic tissue, elaborate 
sufficient antidiuretic substance to maintain a normal fluid exchange 
in the absence of the tissue of the pars nervosa and ventral hypo- 
thalamus? We have found that separating the hypophysis and the 
hypothalamus at the junction of the two frequently results in d. i. in 
the cat and usually in the dog. It is true that these experiments, as 
well as in the series of partial and total hypophysectomies,® there has 
been a rough correlation between the appearance of d. i. and the de- 
generation of the supra-optic nuclei. Whether or not this association 
is merely coincidental is as yet problematic. 

Conclusions and Comments. The tissue of the pars nervosa in its 
entirety plus that of the ventral extent of the hypothalamus is not 
essential for the maintenance of a normal fluid exchange in the cat. 
Therefore, unless a tissue of the adenohypophysis secretes the anti- 
diuretic principle, tissue elsewhere (hypothalamus) must possess 
this power. This conclusion is predicated on the assumptions, first, 
that these experiments were not complicated by as yet unrecognized 
factors, and, second, that a continuous elaboration of the antidiuretic 
substance is invariably essential for the maintenance of a normal fluid 
exchange. 

If the adenohypophysis is concerned the pars tuberalis as well as 
the pars intermedium possess antidiuretic secretory powers since: 
(1) total hypophysectomy except for remnant of tuberalis,” and 
(2) removal of the entire tuberalis and most of the pars anterior, 
leaving the isolated posterior lobe, can be accomplished without pre- 
cipitating d. 1. 


t Such factors might be (1) devitalization of cells distal to the tissue defect 
when electrolytic lesions are made, (2) pulling upon the cell bodies by tension 
exerted through the axis cylinders during stalk sectioning procedures, and (3) 
vascular disturbances sufficient to cause death of the nerve cells without regional 
gliosis and demyelinization. 

9 (a) Keller, A. D., Proc. Soc. Exp. Brou. AnD MeEp., 1938, 38, 31; (b) Keller, 
A. D., Am. J. Physiol., 1938, 128, 116; (c) Keller, A. D., Proc. Soc. Exp. Brot. 
AND MeEp., 1938, 39, 555. 
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Effect of Metrazol on Recent Learning. 


EUGENE ZISKIND, RoBERT LOKEN AND J. A. GENGERELLI. 


From the School of Medicine, University of Southern California, and Department 
of Psychology, University of California at Los Angeles. 


One of the theories attempting to explain the mechanism of metra- 
zol treatment in the psychoses is that a noxious or destructive effect 
is exerted on the central nervous system so that the mental symptoms, 
affecting neural processes of the highest order (largely cortical), 
and also of most recent origin, are the most vulnerable and hence the 
first to disappear. In order to further test the validity of this concept 
we attempted to establish a neural pattern of recent origin and see if 
it could be abolished by the administration of metrazol. 

The demonstration required the establishment of new learnings of 
a fairly high order which were amenable to objective experimental 
control, observation and measurement. The code transcription pro- 
cedure was chosen as a simple technic which would satisfy these 
criteria. 

The following routine was observed for the experiments: After 
preliminary explanations and demonstration, the patient was asked 
to transcribe from memory the nonsense syllable code in the appro- 
priate blank spaces as rapidly as possible. He worked 4 minutes; 
his score was the number of items transcribed. After 2 minutes’ rest 
he was given 6 minutes of practice at transcription. Then followed 
another 2-minute rest interval and a 4-minute retest. The number of 
‘items transcribed in this latter period constitute the ‘Retest 1” score. 
During the week following Retest 1, two or 3 metrazol injections 
were administered. At the end of the week another 4-minute retest 
was given; the number of items transcribed constitute the results of 
Retest 2. Ey comparing the scores made on Retest 1 and 2, any 
change in the patient’s performance could be determined. 

An alternate and comparable form of the code transcription test 
was used on the same patients (Control 1). In these control experi- 
ments the patients were subjected to the same procedure, but during 
the period of forgetting no metrazol injections were given. The tests 
were also given to a control group not receiving metrazol. (Control 
i)). 

This report is based on 6 patients and 6 controls. All were 
young or middle-aged adults. The cases included 2 of chronic 
encephalitis; one of depression of the manic depressive psychosis; 


ISOLATION OF ANTIBODY By ACID 65 


one involutional melancholia and 2 schizophrenics. Included 
in the controls were 4 normals, one chronic encephalitis and 
one recovered hypo-manic (manic depressive psychosis). Every 
effort was made to keep the experimental conditions constant. 
Patients with disturbing mental symptoms were not studied, the 
subjects used being selected on the basis of their ability to codperate. 
The factor of attention was more or less uniform throughout the 
test periods as far as could be ascertained. The test results for 3 
patients who received control tests both before and after treatment 
showed no significant difference from the others of the group. 

Since the individuals responded in a fairly uniform manner a 
short tabular summary of the average results in each group is sub- 
mitted : 

Average difference in scores of Retests 1 and 2: 

Metrazol cases —25.1% | | 
27.8% difference 

Control I — 07% | 

Control IT + 3.5% 

The data show that performance of the code transcription after 
metrazol injection resulted in a score of 27.8% lower than control 
tests on these same patients. The control subjects (Control II), 
those not receiving metrazol, showed no mean loss at all, but a small 
mean gain of 3.5% after the lapse of the time interval. 

Although the series is small, the results are statistically reliable. 
The impairment in learning with metrazol would appear to be due to 
impaired memory. A number of factors entered into the learning 
procedure. The question of impairment of attention as against im- 
pairment of memory is being given further study. 


28.6% ie 
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Isolation of Antibody from Agglutinate of Type I Pneumococcus 
by Treatment with Acid. 


KwaAN-HUA LEE AND HSIEN Wu. 


From the Department of Biochemistry, Peiping Union Medical College, Petping, 
China. 


In previous reports from this laboratory” ? it has been shown that 
the liberation of antibody from immune precipitate of Type I Pneu- 


1 Liu, S. C., and Wu, H., Chinese J. Physiol., 1938, 18, 449. 
2 Liu, 8. C., and Wu, H., Proc. Soc. Exp. Bron. AnD MeEp., 1939, 41, 144. 
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mococcus by the action of dilute acid or alkali is due to a shift of the 
antigen-antibody equilibriuin as follows: 
alkali or acid 
BG, <————> BG, + xB 
neutral 

Where G = antigen, B = antibody, and BmGn = immune precipitate 
formed in neutral solution. The amount of antibody set free (xB) 
increases with acidity or alkalinity, but so also is the solubility of 
Bm-xGn which would decrease the yield by recombining with B when 
the solution is neutralized. Not all the antibody liberated by acid or 
alkali is thus recoverable, and there is in either acid or alkaline 
solution an optimum pH for the recovery. 

The liberation of antibody from the agglutinate by the action of 
acid or alkali is probably due to a similar shift of equilibrium, but 
there is an important difference between the immune precipitate and 
the agglutinate. Whereas the immune precipitate and its partial 
dissociation product (Bm-xGn) are more or less soluble in acid or 
alkaline solution, the agglutinate or its dissociation product is not 
soluble as long as the cells are intact. It can, therefore, be completely 
removed by centrifuging and all the antibody set free should be re- 
coverable. The purpose of the present study is to test this point. 

Preliminary experiments showed that Type I Pneumococcus vac- 
cine treated with alkali (even at pH 8), gave off an appreciable 
amount of nitrogen, while treatment with acid (pH 5 to 1.8) caused 
practically no loss of nitrogen. Hence in the present study the 
agglutinates were treated only with acid. 

Effect of pH on the dissociation of Type I Pneumococcus agglu- 
ttnate. Ina series of 15-cc centrifuge tubes 4 cc of immune rabbit 
serum, and 6 cc of washed, heat killed Type I Pneumococcus vaccine 
were mixed. The mixtures were incubated at 37°C for 2 hours, and 
then kept in ice box over night and centrifuged in the cold. The 
agglutinates were washed 3 times with 4 cc portions of ice cold 
normal saline and then suspended in 6 cc of distilled water. Equal 
volumes of HCI of different concentrations were added with con- 
stant stirring. After 10 minutes the mixtures were centrifuged at 
high speed.* The centrifuge tubes were tightly covered with tin foil 
and rubber band to prevent loss of water by evaporation. Water 
clear supernatants were obtained. The nitrogen contents of the 
supernatants and residues were determined and the pH’s of the 
supernatants were measured with a glass electrode. To aliquot por- 
tions of the supernatants were’added 10% NaCl solution to bring 


* We used a Multispeed Attachment on Size 2 centrifuge made by International 
Equipment Co., Boston. 
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the concentration of NaCl to 0.9%, and then neutralized with NaOH. 
After standing for 20 minutes the mixtures were centrifuged. The 
supernatants (antibody) and the precipitates (probably acid de- 
natured antibody) were analyzed for nitrogen. The results are 
shown in Table I. 

It has been found in another experiment that treatment of washed 
vaccine with normal rabbit serum and then with HCl causes a loss 
of N amounting to about 12% of the total nitrogen in the vaccine. 
This interesting phenomenon is being studied further. In Table I 
the figures for vaccine N have been corrected for this loss. 

From Table I it is seen that the dissociation of agglutinate of Type 
I Pneumococcus increases with acidity. At pH 2 the dissociation is 
complete, as the amount of N in the supernatant is, within the limits 
of error, equal to the amount of N in the agglutinin. The amount of 
antibody recovered after neutralization, however, is only about 87%, 
due probably to some denaturation. 

Repeated use of the vaccine obtained from dissociated agglutinate. 
Thirty cc vaccine containing 16.7 mg N were mixed with 15 cc im- 
mune rabbit serum. The agglutinate was washed 3 times with cold 
saline and then treated with 25 cc of N/30 HCI and centrifuged. 
The vaccine residue left after removal of agglutinin was washed 
twice with N/30 HCl, suspended in 15 cc normal saline and neu- 
tralized with NaOH. This neutralized vaccine was again used for 
preparation of agglutinate with 15 cc immune serum. This pro- 
cedure was repeated 3 more times. Microscopic examination showed 
that the cells were still Gram positive diplococci. The purity of the 
recovered antibody was determined by the method of Heidelberger 
and Kabat.* The results are shown in Table II. 

It is seen that the vaccine, after repeated use, shows no decrease of 
antibody-combining power as shown by the amount of N in the 
acid supernatant. The recovery of antibody seems to show a slight 
improvement with repeated use of the vaccine, but this point requires 
further study. The degree of purity of the antibody recovered in 
each of the 4 successive agglutinations is at least 95%. 

Summary. By treating the agglutinate of Type I Pneumococcus 
with dilute HCl (pH 2), all the antibody is liberated, and after re- 
moving the cells and neutralizing, as much as 87% may be recovered. 
The recovered antibody is at least 95% pure as shown by specific pre- 
cipitation followed by agglutination. The vaccine can be used re- 
peatedly for the isolation of the antibody. The method thus com- 
bines simplicity of procedure with good yield and high purity of 
product. 


3 Heidelberger, M., and Kabat, E. A., J. Hap. Med., 1938, 67, 181. 
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Rapid Multiplication of Mycobacterium tuberculosis in 
Chinese Hamsters. 


T. T’uNG AND SAM C. Wonca. (Introduced by C. E. Lim.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping. 


The laboratory diagnosis of tuberculosis by the usual guinea pig 
inoculation method is admittedly sensitive and reliable in experienced 
hands and at times almost indispensable. On the other hand, the 
method contains several defects, one of which is the length of time 
generally required to arrive at the desired information. If a method 
is available which could decrease the time factor without inter- 
fering with the sensitivity of the susceptible animal tissue it would 
appear to be ideal for diagnosis. Negre and Bretey* found that the 
accuracy of guinea pig inoculation could be enhanced for diagnostic 
purpose if the animals were subjected first to a prolonged series of 
injection with an acetone extract of acid-fast bacilli. Such a pro- 
cedure, while admittedly useful under special conditions, does not 
appear to decrease the time factor. Pickof® reported that by injecting 
the suspected specimen into an area of the guinea pig skin pre- 
viously filled with a suspension of Silica powder diagnosis of acid- 
fast bacilli could be made within 10 to 12 days. It appears that such 
a procedure may well be applied to the Chinese hamster, an animal 
which has been found to be equally if not more susceptible to the 
tubercle bacilli than the guinea pig.** Apart from this the initial low 
cost, the small cost of maintenance and the abundance of this animal 
in this part of the country have much to recommend their use. In the 
present communication we have attempted to compare the usefulness 
of Chinese hamsters to that of the guinea pig under experimental 
conditions for the rapid diagnosis of Mycobacterium tuberculosis and 
for the differentiation between human strains and possibly other 
acid-fast bacilli is described. 

The technic described by Pickof? was closely followed with the 
exception that silica powder was replaced by kaolin (unpurified). In 

1 Negre, L., and Bretey, J.. Am. Rev. Tuberc., 1938, 38, 531. 

2 Pickof, F. L., Am. J. Clin. Path., 1939, 9, 339. 

3 Korns, J. H., and Lu, Y. C., China Med. J., 1927, 41, 234. 

4 Korns, J. H., and Lu, Y. C., Proc. Soc. Exp. Bron. AND MEp., 1927, 24, 807. 


5 Korns, J. H., and Lu, Y. C., Am. Rev. Tuberc., 1928, 17, 279. 
6 Lu, Y. C., [bid., 1929, 20, 938. 
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the first experiment it was considered of interest to compare the 
relative susceptibility of the 2 species of animals to tuberculosis, For 
this purpose 11 guinea pigs weighing about 300 g each and 15 ham- 
sters were inoculated with a virulent human strain of Mycobacterium 
tuberculosis. The suspension of the organism was made by pro- 
longed grinding of an accurately weighed amount of moist culture 
grown on Lowenstein medium for 4 weeks. Then it was suspended 
in saline in proportion of 1 per 1000 of saline. Serial dilutions were 
made from this and the dilution showing 1 bacillus per 10 fields when 
viewed under high magnification (970 X) was used. The inoculum 
consisted of 0.1 cc of the suspension for both kinds of animals, inoc- 
ulation being made on each animal, one on each lateral aspect of the 
trunk. It is of interest to note that inoculations could be easily made 
into the delicate loose skin of the hamsters. Examination of all 
animals were made at the end of 2 weeks. In order to obtain as 
much material as possible for examination animals were anesthetized, 
the skin was incised and the caseous material formed at the site of 
inoculation was smeared on glass slides. Employing such a pro- 
cedure it was found that the agreement between the 2 species of 
animals was complete and that the acid-fast bacilli could be demon- 
strated in practically all the specimens although there were marked 
variations in the number of organisms from both species of animals. 
This indicates that the number of animals employed and the number 
of sites injected are important factors upon which a successful 
diagnosis of any given specimen depends. As far as this experiment 
goes the results indicate that Chinese hamsters are just as useful as 
guinea pigs for the diagnosis of tuberculosis by the Pickof technic. 

Since hamsters have been demonstrated to be suitable, it was con- 
sidered of interest to determine the earliest time at which positive 
results may be obtained. The size of the inoculum and the bacterial 
suspension were the same as those used above. Fifteen hamsters 
were used. Examinations were made on the 5th, 8th, and 11th day, 
5 animals being examined each time. It was found that positive 
findings were obtained on the 8th day in about 50% of the specimens 
examined although the number of acid-fast bacilli found was sig- 
nificantly less than those observed in the first experiment in 2 weeks. 
On the 11th day the specimens from all the animals were positive for 
acid-fast bacilli. The results of this experiment complement those 
obtained in the first experiment insofar as the usefulness of ham- 
sters for the rapid diagnosis of tuberculosis is concerned. 

In the third experiment it was considered of interest to determine 
whether the method is applicable to other acid-fast bacilli such as 
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Mycob. bovis, Ravenal strain; Mycob. tuberculosis strain H37A, 
BCG, Mycob. avium strain 531, and Mycob. smegmatis. The above 
organisms were obtained from the Phipps Institute and represent 
virulent, attenuated, and saprophytic strains from various animal 
sources. Ten hamsters were used for each organism. Three- to 
4-week-old cultures grown on appropriate solid medium of all the 
cultures except Mycob. smegmatis were used. In the case of the 
jatter 10-day-old culture was employed. Subcultures from the orig- 
inal slant were made to ensure viability. Suspension and standardiza- 
tion of the inoculum for each organism were made in the same man- 
ner as experiment I with the exception that the dilution containing 
approximately 1 bacillus per every other field was used. The amount 
of inoculum and the technic of inoculation were essentially the same 
as those employed in the previous experiments. Examinations made 
at the end of 2 weeks revealed 2 distinct differences. On the one 
hand it was found that no acid-fast bacilli could be demonstrated in 
any of the specimens obtained from animals inoculated with BCG, 
Mycob. avium and Mycob. smegmatis. On the other it was found 
that organisms could be demonstrated in the specimen obtained from 
animals inoculated with Mycob. bovis and Mycob. tuberculosis H37A. 
In case of the former organism acid-fast bacilli were easily found in 
all the specimens while demonstration of the latter was more difficult. 
This difference in the ability of proliferation of the 2 organisms in 
the animal tissue may in some measure be accounted for by the 
greater virulence of the bovine organism. The results indicate that 
under the conditions of the experiment, a differential diagnosis can 
be made in hamsters insofar as the difference between human and 
bovine strains on the one hand and the avian and non-pathogenic 
acid-fast bacilli on the other is concerned. The application of this 
method to clinical materials is being studied. 

Conclusion. Chinese hamsters are suitable for the rapid diagnosis 
of tuberculosis. Positive findings may be obtained in from 10-14 
days. Non-pathogenic acid-fast bacilli gave negative results. 
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Comparative Activity of Vitamin H Curative of Egg-White 
Injury Administered Orally and Parenterally to Rats. 


PAUL GYORGY AND CATHARINE S. ROSE. 


From the Babies and Childrens Hospital, and the Department of Pediatrics, School 
of Medicine, Western Reserve University, Cleveland. 


The factor (vitamin H) curative of egg-white injury in rats is 
insoluble in water in its natural state as it occurs in liver, kidney or 
yeast. It can be extracted from yeast, however, by autolysis with 
water in the presence of toluene and from liver by proteolytic diges- 
tion or by hydrolysis at high pressure.** The curative action of 
vitamin H can be demonstrated by yeast, liver and kidney as such 
only in oral administration, because these substances cannot be given 
in any other manner. Their activity when they are parenterally ad- 
ministered,” * however, can be shown by injection of concentrates 
in aqueous solution. 

For the quantitative study of different concentrates, it became im- 
portant to establish the comparative strength of vitamin H when it is 
administered orally and parenterally. The growth-promoting activity 
of riboflavin (lactoflavin) is independent of the way in which it is 
given, that is, whether orally or parenterally.” On the other hand, it 
is a well-known clinical fact that the factor in liver curative of per- 
nicious anemia is much more active in parenteral than in oral ad- 
ministration. 

After the parenteral route proved to be more efficacious in pre- 
liminary bioassays of vitamin H concentrates, quantitative data were 
secured from experiments in which the preparation was tested simul- 
taneously on two groups of rats; to one group it was administered 
orally, to the other parenterally. The samples tested were of dif- 
ferent degrees of purification and had been prepared from yeast or 
liver. The dry residue contained in 1 oral rat day dose (unit) 
varied between 70 micrograms in sample K-554 and 150 mg in 
sample K-5. Rats in which the egg-white injury remained unin- 


1 Lease, J. G., and Parsons, H. T., Biochem. J., 1934, 28, 2109. 

2 Gyérgy, P., in Pfaundler, M. v., and Schlossmann, A., Handbuch der Kinder- 
heilkunde, Berlin, F. C. W. Vogel, 1935, 10, 45. 

3 Lease, J. G., Z. f. Vitaminforsch., 1936, 5, 110. 

4 Gyérgy, P., J. Biol. Chem., 1937, 119, xliii; Gyorgy, P., J. Biol. Chem., 1939, 
131, 733; Gyoérgy, P., Kuhn, R., and Lederer, E., J. Biol. Chem., 1939, 
131, 745; Birch, T. W., and Gyorgy, P., J. Biol. Chem., 1939, 131, 761. 

5 Gyérgy, P., Proc. Soc. Exp. Bron. AND Mzp., 1936-37, 35, 207. 


74 SENSITIZATION WITH ANHYDRIDES 


TABLE I. 
Average Values Obtained in Testing the Curative Effect of Vitamin H for Egg- 
White Injury in Rats, by Oral and Parenteral Administration. 


Rat day dose administered 


Cpe S Pat SE Tee 
Preparation Orally, Parenterally, 
Tested Source ml ml 
K-5 yeast 0.5 0.1 
K-646 za 0.3 0.07 
H-29 as 0.3 9.05 
H-33 ie 0.5 Oat 
H-34 Ze 0.4 Osi 
K-211 liver 0.6 0.2 
K-223 uy 0.75 0.15 
K-554 ay 0.6 0.12 
H-169a ve > 0.125 0.035 
H-4/35 gs 0.6 0.2 
H-5/35 4 1.2 0.3 


fluenced by oral doses were given 1% to 4 of the same doses parenter- 
ally with beneficial effect. 

The results of the quantitative experiments are summarized in 
Table I. 

Conclusion. The factor (vitamin H) curative of egg-white injury 
in rats is 3 to 5 times more effective in parenteral than in oral ad- 
ministration. 
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Immediate Reactions, to Anhydrides, of Wheal-and-erythema 
Type.* 


J. L. Jacoss, T. S. GOLDEN AND J. J. KELLEY. (Introduced by 
D. Rapport.) 


From the Department of Pathology and Bacteriology, Tufts College Medical 
School, Boston, Mass. 


Immediate skin reaction in guinea pigs sensitized to proteins were 
observed by Zinsser.* Similar reactions in pigs sensitized to protein 
compounds of acyl chlorides have been produced by Landsteiner and 
Jacobs’ although immediate reactions to acyl chlorides themselves 
were not observed. The present report deals with the production of 


* This investigation was aided by a grant from the Charlton Research Fund of 
Tufts College Medical School. 

1 Zinsser, H., J. Exp. Med., 1921, 34, 495. 

2 Landsteiner, K., and Jacobs, J., J. Exp. Med., 1936, 64, 625. 
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immediate reactions in guinea pigs, with simple chemical compounds 
of the hitherto neglected anhydride group. 

The examination of anhydrides for capacity to sensitize guinea pigs 
was prompted by Kern’s observation of sensitivity to phthalic anhy- 
dride in a chemist.* With this substance, contrary to the usual ex- 
perience in similar cases, it was easy to induce definite sensitization 
in guinea pigs. 

Following this lead, a number of anhydrides were examined. For 
sensitization, three or more albino guinea pigs were injected on the 
back twice a week, intracutaneously, with 0.05 cc of a 0.1% olive-oil 
solution of the respective compounds. In the case of phthalic anhy- 
dride it was necessary first to dissolve 20 mg in 0.1 cc dioxane, subse- 
quently diluting with 1.9 cc of olive oil. Treatments were then con- 
tinued for 2 or 2% weeks, and the animals tested not more than 2 
weeks after the last treatment. 

Definite sensitization was observed in animals injected with citra- 
conic, phthalic, 3-nitrophthalic, and n-caproic anhydrides. Of these 
compounds, citraconic anhydride gave by far the most striking 
results, described below. 

Tests for sensitivity to citraconic anhydride were carried out on 
the animal’s flank, from which the hair had been removed with an 
electric shaver, by placing a drop of a 25% solution of citraconic 
anhydride in dioxane on the skin and scratching through the drop, as 
in human scratch-tests, with a straight needle. In adequately sensi- 
tized animals a reaction appeared after a few minutes consisting of 
a faint to pale pink wheal ranging from several millimeters to several 
centimeters in diameter (Table I) with pseudopodial extensions and 
neighboring pinkish, elevated islands in the more reactive pigs. Re- 
activation of old injection-sites was also observed and the erythema 
was quite definite when animals were highly sensitive, being strongest 
20 to 30 minutes after testing. Within an hour or two these reactions 
usually lost almost all color, although edema persisted until the de- 
layed reactions developed. 

Strong pink to red delayed reactions began to appear 6 to 8 hours 
after the test and were at their best on the following day. The oc- 
currence of immediate reactions seems to be influenced by the interval 
between the last treatment and testing, and other factors, but delayed 
reactions were regularly present. The most striking reactions ob- 
served were several times the size of those recorded in Table I. 

To determine the specificity of the above effects, guinea pigs sensi- 
tized with 3.5-dinitrobenzoyl chloride were used which gave imme- 


3 Kern, R. A., J. Allergy, 1939, 10, 164. 
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diate reactions to a protein-compound of this substance prepared by a 
method described for p-chlorobenzoyl chloride.? Cross-tests between 
animals sensitized respectively by 3.5-dinitrobenzoyl chloride and 
citraconic anhydride (Table I) demonstrated that immediate reac- 
tions occurred only to the homologous substances, and were, there- 
fore, manifestations of specific hypersensitiveness. Neither animals 
sensitized to citraconic anhydride nor controls gave a reaction when 
tested with dioxane alone by the scratch method. The 3 animals 
shown in the table were selected from a batch of 8, all of which had 
been definitely sensitized by the treatment. 

Of guinea pigs treated with other compounds of this group, those 
receiving phthalic anhydride became markedly sensitive, with imme- 
diate reactions of moderate size which were not easily reproducible. 
The delayed reactions, however, were consistently strong. Animals 
treated with 3-nitrophthalic anhydride gave definite delayed reactions 
and only occasional, slight immediate wheals with little flare. In 3 
pigs treated with caproic anhydride only the delayed type of sensitiza- 
tion was observed except in one animal where, after 30 minutes, a 
faint pinkishness was present over the entire surface which the sub- 
stance had touched (not solely in the vicinity of the scratch). 

Further study of the mechanism of these reactions is indicated, in 
regard to the possible presence of antibodies, the occurrence of imme- 
diate reactions in sensitization to simple compounds of other groups, 
and the special properties of anhydrides which lend themselves to 
sensitization of this kind. 

Summary. A type of immediate wheal-and-erythema reaction, 
similar to that observed in human atopic hypersensitiveness, was in- 
duced in guinea pigs that had been sensitized and tested with chemical 
compounds of the anhydride group. 


+ Diffuse pinkishness appearing within half an hour was observed at the site of 
application of benzoyl chloride in animals sensitized to this substance, suggesting 
that other acyl chlorides may give similar early reactions. 


78 


11101 P 


Action of Sulfanilamide in vitro on Aerobic Sporogenic Bacilli. 


L. ROSENTHAL. 


From the Laboratories of Israel Zion Hospital, Brooklyn, New York. 


Experiments dealing with the action of sulfanilamide and its 
derivatives in vitro were performed mostly with those pathogenic 
bacteria which are susceptible to the drug im vivo, namely: strepto- 
cocci, pneumococci, meningococci, gonococci, B. coli, B. proteus, 
Brucella melitensis, et al.’ Although there is as yet no complete agree- 
ment as to results between experiments in vivo and in vitro, the belief 
is growing that under both conditions the drug affects the metabolism 
or the reproductive mechanism of the bacteria. It seemed of interest 
to investigate the action of sulfanilamide on bacteria which have a 
more complex life cycle than those just enumerated. For this pur- 
pose, 4 strains of aerobic spore-bearing rods were chosen: 3 of the 
subtilis-mesentericus group and one of the B. mycoides. All strains 
were isolated in our laboratory. 

As sporulation occurs more readily on solid media, a sulfanila- 
mide agar (SA-agar) was prepared by dissolving 23 g of powdered 
Bacto-Nutrient agar (Difco) in one liter of aqueous solution of 
sulfanilamide of a desired concentration. The medium was sterilized 
in the usual way. Cultures of the 4 strains were prepared on SA- 
agar either on slants or plates and incubated at 37°C. Smears were 
made daily and stained with warm carbol-fuchsin solution. Cultures 
on plain nutrient agar (Difco) similarly treated were used as con- 
trols. Solutions of sulfanilamide 1:500 and 1:1000 were arbi- 
trarily chosen. 

The macroscopic growth of the mesentericus-subtilis strains on 
SA-agar was approximately the same as in the control cultures while 
that of mycoides was scantier. Without going into details, which 
are irrelevant for the main purpose of this paper, we shall describe in 
a general way the morphology of the bacilli on SA-agar based on 
the microscopic study of successive daily smears made from the 
cultures. During the first 10 to 12 hours the growth on SA-agar 
develops in the same manner as on plain agar. The smears from 
both media reveal vegetative rod forms uniformly stained. On 
SA-agar, however, the rods appear longer and sometimes thicker. 
The B. mycoides shows a tendency toward thread-formation. After 


1See Bibliography, Long, P. H., and Bliss, E. A., The Clinical and Experi- 
mental Use of Sulfanilamide, etc., Macmillan, New York, 1939, p. 141. 
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24 to 48 hours, when the control cultures show almost exclusively 
naked spores and only few vegetative rods the bacilli do not sporulate 
at all on SA-agar. No spore formation takes place on this medium 
even in cultures several weeks old. Occasionally, in the first and sec- 
ond passage on SA-agar, few spores are present and these are very 
likely the so-called “dormant” spores which failed to germinate.” 
After subsequent passages through SA-agar, even these occasional 
spores could not be found. The suppression of spore formation by 
sulfanilamide was confirmed by the following experiment: Suspen- 
sions of bacilli in saline solution were prepared from week-old 
cultures on SA- and plain agar, both were heated at 80°C for 15 
minutes to kill vegetative forms and inoculated on plain agar. The 
controls yielded abundant growth while subcultures from SA-agar 
either remained sterile or consisted of a few discrete colonies. 

Marked changes occur in the morphology of the non-sporulating 
vegetative rods in the SA-agar cultures. On the second day of 
growth, the smears begin to show rods irregularly stained. In 
the next few days the changes are more evident. Many 
shadow forms with faintly stained cytoplasm appear. Some of the 
rods are disintegrated into a fine granular debris. Thus, during the 
early hours of incubation, the sulfanilamide does not appreciably in- 
terfere with the bacterial growth. The inhibitive action of the drug 
becomes manifest only later, after the expiration of the so-called 
“lag period’’, a finding noted by previous investigators im vivo and 
im vitro in connection with various other microorganisms.* 

Cultures on SA-agar kept at room temperature for 3 to 4 weeks 
lose their viability and cannot be subcultured on usual media, while 
due to spore-formation control cultures are viable for many months. 

The bacilli, after repeated passages on SA-agar, when subcultured 
in the usual way on plain agar, revert to their original type and show 
spore formation. We succeeded, however, in obtaining 4 strains of 
hereditary variants of asporogenous bacilli which did not form 
spores on ordinary media even after repeated passages. The fol- 
lowing technic was used : A small inoculum from the bacterial growth 
on SA-agar was plated on plain agar and after 3 to 4 days’ incuba- 
tion such colonies as were proven by microscopic examination to 
contain no spores were selected for subculture. 

In cultures on agar containing sulfanilamide 1 :2000-1:4000 
sporulation is not totally suspended as the smears exhibit a few spores 
scattered among vegetative rods. When the concentration of the 


2 Burke, V., Sprague, A., and Barnes, L., J. Infect. Diseases, 1925, 36, 555. 
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drug is lowered to 1 :8000-1 :16000 complete sporulation takes place 
after a retardation of 3 to 4 days. 

Neoprontosil solution (one part) added to agar (4 parts) does 
not inhibit sporulation of the inoculated bacilli. This result can be 
compared with the observation of Domagk* who found that this drug, 
while effective against streptococci in vivo, does not inhibit their 
growth in vitro. 

Since the biochemistry of the process of sporulation in general 
is not well known, the mechanism by which sulfanilamide suppresses 
it cannot be understood. The significance of a possible destruction 
of spore-produced catalase (Ruhle*) by the anticatalase properties 
of the oxidation products of sulfanilamide,° is only a matter of 
conjecture. 

Conclusion. Sulfanilamide, when added to nutrient media, in- 
hibits spore formation and induces degenerative changes in the bacilli 
of the subtilis-mesentericus-mycoides group. 
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Effect of Carbon Dioxide on Glucose Metabolism of 
Trypanosomes. 


D. S. SEARLE AND L. REINER. 


From the Burroughs Wellcome & Co. U. S. A. Experimental Research Labora- 
tories, Tuckahoe, N. Y. 


In the course of the study of the glucose metabolism of trypano- 
somes it was found that Trypanosoma lewisi does not decompose 
glucose under anaerobic conditions unless the solution contains bi- 
carbonate. This effect has been studied during the last 4 years. 
Although the mechanism of the carbon dioxide action has not been 
established definitely, some of the main results are given in this pre- 
liminary report. 

It is well known that the presence of bicarbonate is necessary for 
the cultivation of certain bacteria. Werkman and coworkers’ have 


3 Domagk, G., Deut. Med. Wochnschr., 1935, 61, 250. 

4 Ruhle, G. L. A., J. Bact., 1923, 8, 487. 

5 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Bion. AND MED., 
1938, 39, 272. 

1 Wood, H. G., and Werkman, C. H., Biochem. J., 1936, 30, 48. 
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found that carbon dioxide is actually used up by the propionic acid 
bacteria, and Wood and Werkman® have suggested that the utiliza- 
tion of carbon dioxide is linked with the succinic acid production. 
They believe that this 4 C atom compound is formed by the addition 
of CO, to a 3 C atom compound by means of a reaction which can be 
considered to be the reverse of decarboxylation. 

Trypanosoma lewisi also forms succinic acid from glucose; this 
occurs under anaerobic conditions apparently in greater proportions 
than with any organism or tissue so far studied. At the same time 
CO, is used up. Depending on the concentration of bicarbonate 
present in the system, the ratio of mols of CO, assimilated to mols of 
glucose used varies from 0.25 to 1.0. The amount of succinic acid 
produced under these conditions is about 1 mol or sometimes more, 
per 2 mols of glucose. In addition to succinic acid, lactic acid, pyruvic 
acid, acetic acid and traces of formic acid are produced by this 
organism. As stated in a previous paper® about 2.5 acid equivalents 
other than CO, are formed per mol of glucose used. Analysis of the 
acids shows that we have accounted for 90% of the total acids pro- 
duced. This corresponds to slightly over 6 C atoms per molecule of 
glucose, suggesting assimilation of CO,. 

Glycerol does not support the life of Trypanosoma lewisi under 
anaerobic conditions even if NaHCO, is present. Under aerobic 
conditions this organism decomposes glycerol without formation of 
measurable quantities of titratable acid and with the production of 
CO,. The average respiratory quotient in experiments of long dura- 
tion (3 hours or more) is 0.85, suggesting complete oxidation of 
glycerol. Propionic acid bacteria behave differently. Wood and 
Werkman? found that they form some succinic acid even from 
glycerol. 

If glucose is used as a substrate under aerobic conditions, Trypan- 
osoma lewisi does not use up, but produces CO,. At the same time 
all the other acids produced under anaerobic conditions can be found 
but in different proportions. The acetic acid production is increased 
while the succinic, pyruvic and lactic acid production is decreased. 
The amount of carbon in the produced titratable acids is less than that 
present in the glucose used. The shift from anaerobiosis to aero- 
biosis is thus reflected in the quantitative distribution of the acids 
produced, the most striking change being that the CO, is used under 
anaerobic conditions and produced under aerobic conditions. This 


2 Wood, H. G., and Werkman, C. H., Ibid., 1938, 32, 1262. 
3 Reiner, L., Smythe, C. V., and Pedlow, J. T., J. Biol. Chem., 1936, 1138, 75. 
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indicates that the assimilation of CO, is linked with oxidation-reduc- 
tion processes. Furthermore, it was found that under anaerobic 
conditions pyruvic acid also activates glucose metabolism of Trypano- 
soma lewisi in a similar manner but not to the same extent as COs. 
In this case pyruvic acid is used up. Carbon dioxide is not produced 
but the production of lactic acid is increased to approximately the 
same extent as the utilization of pyruvic acid. This suggests that 
pyruvic acid functions as a H acceptor. It is, therefore, possible 
that the CO, assimilation occurs through the reduction of CO: to 
formaldehyde and subsequent condensation of formaldehyde. 

Since under aerobic and anaerobic conditions, the reactions are 
essentially identical, the mere difference being a shift in equilibrium 
of the type 

Sr 
(1) lactic acid =z» pyruvic acid 
+2H 


or 
2H —2H 


(2) H,CO + H,O z> HCOOH 7 CO, 
42H +2H 
one would expect that CO, also affects the metabolism under aerobic 
conditions. This is difficult to demonstrate because CO, is quickly 
accumulated in the medium before quantitative measurements can be 
carried out. Qualitative experiments suggest, however, that bicar- 
bonate activates glycerol under aerobic conditions. 

While our results are in agreement with the assumption that the 
oxidation-reduction system (2) together with an enzyme acts as a H 
carrier and thereby activates the metabolism, it is possible that car- 
boxylation of some intermediate is also involved. 
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Effect of Antisyphilitic Treatment on Histopathology of Local 
Tuberculous Lesions in Syphilitic Rabbits. 


J. D. Aronson AnD D. R. MERANZE.* 


From the Henry Phipps Institute, University of Pennsylvania, and the Mount 
Sinai Hospital, Philadelphia. 


In a previous communication’ evidence was presented indicating 
that untreated syphilitic rabbits react in a different manner to the 
intracutaneous injection of living virulent tubercle bacilli than do 
similarly infected nonsyphilitic rabbits. 

In the syphilitic rabbits the local inflammatory reaction to the in- 
jection of tubercle bacilli was more intense, appeared earlier, was 
focal in character and was usually distributed about capillaries. Ulcer- 
ation occurred early in these animals, was extensive and showed 
undermined edges. Beneath this area of ulceration epithelioid cells 
were relatively few, and frequently perivascular in distribution, while 
granulation-tissue rich in newly formed capillaries and fibroblasts 
was conspicuous and was followed later by dense connective-tissue 
formation. On the other hand, in the non-syphilitic rabbits the local 
inflammatory process was diffuse, bore no relationship to vascular 
distribution, and epithelioid cells were numerous occurring in sheets 
usually extending beneath and to the sides of the ulcer. Granulation- 
tissue was not much in evidence and there was a paucity of newly 
formed capillaries. 

To determine whether antisyphilitic treatment modified the histo- 
pathology of local tuberculous lesions in syphilitic rabbits, 12 albino 
New Zealand rabbits of the same breed as that used in the earlier 
studies were injected intratesticularly with an emulsion of testes from 
a rabbit infected with the Nichols strain of Tr. pallidum. These 
animals developed typical chancres 4 weeks after inoculation, and in 
8 of the rabbits metastatic lesions appeared in the opposite testes. 
Examination by dark field revealed numerous Tr. pallida in material 
obtained by puncture of the testes of these animals. 

The rabbits were injected intravenously with 20 mg of arsphena- 
mine per kilo of body weight 6 weeks after infection with the syphilitic 
virus, and one week later were again injected with 10 mg of arsphena- 
mine per kilo of body weight. This dose or less of arsphenamine has 
been found by Dr. M. Severac, Dermatological Research Laboratory, 


* Aided by grants from the National Research Council and the Faculty Research 
Committee, University of Pennsylvania, Philadelphia. 
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Philadelphia, to sterilize rabbits of syphilitic infection as evidenced by 
failure to infect normal rabbits on injection of popliteal nodes from 
the treated animals. Three weeks following the last injection of 
arsphenamine and 10 weeks after infection with the Tr. pallida the 
rabbits were infected intracutaneously at 6 widely separated points 
over the abdomen with 0.1 mg in 0.1 cc salt solution of the same 
bovine-strain tubercle bacillus as was used in the original studies. As 
in the previous studies, the sites of injection were removed from a 
series of 3 rabbits at intervals of 1, 3, 5, 12, 24, and 48 hours after 
the injection of tubercle bacilli. From another series of 3 rabbits the 
lesions were removed 3, 4, 5, 6, 7, and 14 days after infection. Ina 
third series of 3 rabbits the lesions were removed at intervals of 3, 4, 
5, 6, 7, and 8 weeks, while from a fourth series the lesions were re- 
moved at intervals of 9, 10, 11, 12, 13, and 14 weeks following in- 
fection. 

The gross appearances of the local tuberculous lesions observed in 
the syphilitic rabbits treated with arsphenamine did not differ con- 
spicuously from those noted in the untreated syphilitic animals. As 
in the untreated syphilitic rabbits, sections removed from 1 to 12 
hours inclusive showed marked vascular dilatation and perivascular 
aggregations of mononuclear cells with large pale-staining nuclei and 
numerous young fibroblasts at the site of injection of tubercle bacilli. 
Ulceration, which was first observed 2 weeks after infection, was 
superficial, and was characterized by a sharply demarcated line be- 
neath the slough, consisting of granulation-tissue rich in newly 
formed capillaries and young fibroblasts. As in the untreated syphilitic 
rabbits epithelioid cells were relatively few and were focal and not 
diffuse in distribution. With increasing time dense bands of con- 
nective tissue were found. The tuberculous lesions of the viscera 
of these rabbits killed 3 days, 12 weeks, and 8 weeks after infection 
with tubercle bacilli did not differ conspicuously from those seen in 
the untreated syphilitic rabbits. From this experiment it is con- 
cluded that local experimental tuberculosis pursues an identical course 
in untreated syphilitic rabbits and in syphilitic rabbits treated with 
treponemicidal doses of arsphenamine. 


85 
11104 P 


Effect of Exercise on Growth and Cataract Development of 
Rats Fed Galactose.* 


HELEN S. MITCHELL AND GLapys M. Cook. 
From the Department of Home Economics Research, Massachusetts State College, 
Amherst, Mass. 


The high blood galactose and galacturia always found in rats on 
rations containing as much as 25% galactose,’ raises the question as 
to the efficiency of the utilization of this sugar for muscular work. 
A brief study of this problem was made possible by the loan of some 
revolving exercise cages. The rations were those previously reported 
and were fed ad lib. 

Littermates on the 25% galactose diet were divided between sta- 
tionary and exercise cages as were control animals from the respective 
litters on a similar diet containing glucose in place of galactose. Ex- 
ercise was entirely voluntary and the number of revolutions per week 
was recorded. Basal caloric requirement was calculated from body 
weight according to the formula of Diack’ and caloric intake from 
food consumed (4.19 cal. per gram). 

Growth was remarkably constant and similar for all groups, male 
and female, with and without exercise, and showed no difference due 
to type of single sugar in the diet. The calculated extra calories 
consumed above that required for basal expenditures was similar in 
the 2 ration groups (65-69% for glucose, 65-71% for galactose) and 
was not consistently greater for the exercise rats as might have been 
cxpected. Rats on galactose rations were just as active as those on 
glucose rations, the extent of exercise ranging from 5,656 to 28,538 
revolutions per week for 4 weeks of the experiment. All of the 
galactose-fed rats had developed cataract at the end of this time and 
the experiment with them was discontinued. 

Sugar determinations indicated the same degree of galactemia 
(202-255 mg/100 cc) in both galactose groups regardless of exercise 
and a normal blood sugar (106-134 mg/100 cc) in both glucose 
groups. 

The only difference was in the rate of cataract development which 
was significantly delayed in the exercise group on galactose. The 
litters used in this experiment were extremely susceptible showing 
100% cataract on the galactose ration, but the time when lens opaci- 
ties appeared in stationary cages was 20.6 days while for those in 


* Contribution No. 362, Mass. State Agr. Exp. Station. 
1 Mitchell, H. S., Merriam, O. A., and Cook, G. M., J. Nutrition, 1937, 13, 501. 


2 Diack, 8. L., J. Nutrition, 1930, 3, 289. 
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exercise cages it was 28.0 days, a difference which cannot be ignored 
in view of the consistency of the figures making up each average. 

One must conclude from these findings that a large part of the 
galactose must become available either directly or indirectly for mus- 
cular and other caloric needs. Since galactose furnishes about 24% 
of the total calories in the diet, a failure to use any major proportion 
of it would be reflected in an increased food intake or a slower rate 
of gain—neither of which occurred. Moreover, the increment of 
sugar which escapes glycogenesis and accounts for that found in the 
blood stream is not significantly changed by exercise, but in spite of 
these findings, the injury to the eye is somewhat delayed when exercise 
is permitted. 
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Vaginal Cycle of Microtus guentheri and Its Response to 
Estrogenic and Gonadotropic Hormones. 


BERNHARD ZONDEK AND FELIX SULMAN, 


From the Laboratory Gynecological-Obstetrical Department, Rothschild-Hadassah 
University Hospital, Jerusalem. 


Microtus guentheri, one of the Muridae is a crop destroyer and 
generally feared on account of its extreme fertility. 

The animal matures at a comparatively early age, mating taking 
place on the 28th day of life. In captivity, breeding occurs through- 
out the year and as early as 26 days after first copulation the first litter 
is delivered. After 2 weeks during which time nursing of the young 
takes place, the mother is again capable of mating. We are indebted 
for these data to Prof. Bodenheimer, who stimulated us to study the 
sex cycle of these animals.* 

The Vaginal Cycle of Microtus guentheri. Regular examinations 
meet with a certain amount of difficulty as these animals are accus- 
tomed to freedom and do not allow vaginal smears to be taken as easily 
as do albino rats and mice. If one grasps these animals by a fold of 
skin they tear away, shedding some of their epidermis. If one grips 
them by the tail, which is about 2 cm long, they shed the skin of this 
part too and the tail soon becomes necrotic. The most suitable 
method was to hold them by the limbs, but eventually this manipula- 


*In 1935, Prof. Bodenheimer, Head of the Division of Entomology of the 
Hebrew University, Jerusalem, brought some of these animals from the Emek 
Yesreel (Palestine) to Jerusalem and succeeded in breeding them in his laboratory 
and we are indebted to him for supplying us with these experimental animals. 
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tion proved fatal to the animals in the course of a few months. For 
this reason it was impossible to keep male and female animals to- 
gether and to observe the changes of the vagina existing at the time 
of mating. The females either died shortly from the daily manipu- 
lations for vaginal smears or they showed an aversion to mate. 

We conducted experiments in 10 female animals of various ages 
at different seasons of the year, continuing in 2 of the animals over 
a period of 4 months. Even when smears were taken twice daily 
neither cornification nor proestrus occurred. Morphologically the 
vaginae were continuously in the characteristic stage of diestrus. 
Since the other animals kept under the same conditions but in which 
no vaginal smears were taken, bred rapidly and continuously, it must 
be assumed that in Microtus guentheri mating takes place when the 
vagina does not show typical cornification. 

Vaginal Reaction of Microtus after Administration of Estrogenic 
Hormone. In order to ascertain whether or not the vagina of 
Microtus guentheri is able to develop the stage of cornification, we 
injected estrogenic hormone into 8 castrated as well as into non- 
castrated animals. No difference could, however, be observed in the 
behavior of the two groups. The reaction to estrogenic hormone 
(estrone or estradiolbenzoate) is shown by the following figures: 
100 I. U., anestrus; 500 I. U., proestrus; 5000 I. U., estrus. 

It was quite evident that Microtus guenthert does not respond to 
comparatively large doses of estrogenic hormone (100 1. U.). The 
stage of cornification can, however, be obtained by giving enormous 
doses (5000 I. U.). 

Ovarian Reaction of Microtus guentheri to Adminstration of 
Gonadotropic Hormone. For these experiments we used 29 three- 
week-old females in which the vagina was still closed and gave them 
1-3 injections of gonadotropic hormone prepared from various 
sources. (a) The animals (11) proved to be unresponsive to 
gonadotropic hormone from pregnancy urine (10 to 2000 RU). In 
some instances a certain amount of follicular enlargement (which 
could only be ascertained by histological examination occurred after 
administration of 2000 RU. At no time did we find a positive vaginal 
smear. (b) More marked reactions were obtained with gonadotropic 
hormone from the blood serum of pregnant mares} as shown in 
Table I (11 animals). 

Table I demonstrates that Microtus, which is otherwise rather 


t We tested the preparations used in these experiments. One RU is the mini- 
mum amount of gonadotropic hormone which produces an estrous reaction on the 
infantile 3-weeks-old rat. 

t We used Antex of Lovens Kemiske Fabrik, Kopenhagen. 
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TABLE I. 
Dose of gonadotropic Apr. 1 Apr. 2 Apr. 3 
hormone from the Follicle Follicle Corpus luteum 

serum of mare’s blood maturation hemorrhage formation 
< 5 RU = ae i 
10 RU ae — == 
30 RU + -— — 
100 RU + — — 
1000 RU + = isk. 


indifferent, responds very readily to the administration of as little 
as 10 RU of gonadotropic factor from mare’s blood. It is, however, 
worthy of record to note that even the highest dosage (1000 RU) 
only induces follicular maturation (Apr. 1), and never the forma- 
tion of follicular hemorrhage (Apr. 2) or corpus luteum (Apr. 3). 

(c) The strongest reactions occurred in connection with hormone 
derived from animal hypophysis as shown in Table II (8 animals). 

Table II shows that Microtus guentheri readily responds even to 
small doses of gonadotropic factor of pituitary origin. After admin- 
istration of 4 RU follicle ripening occurred and after 8 RU corpus 
luteum formation took place. It is most interesting that in this 
animal corpus luteum formation is procured only with gonadotropic 
factor from hypophyseal glands and not with that derived from either 
mare’s blood or pregnancy urine. The absence of follicle hemor- 
rhage need not surprise us, since this reaction also occurs very rarely 
even in rats and guinea pigs. 

Summary. In Microtus guentheri no vaginal cycle with a cornifi- 
cation stage occurs as in white mice and rats. Injections of large 
doses of estrogenic hormone, however, induce cornification. Gonado- 
tropic hormone derived from different sources produces different 
reactions, that from pregnancy urine shows no effect, that from 
mare’s blood serum induces follicle maturation without luteinization 
even in large doses, while that from animal hypophysis produces 
follicular maturation and corpus luteum formation. The Microtus 
guenthert may therefore be readily used as a test animal in differ- 


entiating the various types of gonadotropic hormone, especially as to 
their source of origin. 


TABLE II. 
Dose of gonadotropie Apr. 1 Apr. 2 Apr. 3 
hormone from Follicle Follicle Corpus luteum 
animal hypophyses maturation hemorrhage formation 
1 RU ae a Se pene, peeeenr 
2 RU — = — 
4 RU + ~- — 
8 RU ae as ai 
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The pH of Systemic Blood in Normal and Hypertensive Dogs, 
Determined by Means of a Syringe Type Glass Electrode.* 


Orto H. MiLier anp Wit1aM F. Nicxer. (Introduced by 
Bruce Webster.) 


From the Department of Surgery of the New York Hospital and Cornell Medical 
College. 


This experiment was performed in order to determine whether any 
pH changes of the systemic blood of dogs accompany the develop- 
ment of hypertension produced by partial constriction of the renal 
artery.» * Thirteen dogs were used; 4 were hypertensive at the be- 
ginning of the experiment; in 4 others hypertension was produced 
during the period of observation; the remainder served as controls. 
Over a period of 90 days blood was taken frequently from the 
saphenous vein directly into a special syringe-type glass electrode. 
The pH was then measured with a Beckman pH meter. 

This glass electrode was a modification of the type developed by 
MaclInnes and Belcher* with a capacity of 0.5 cc; it was so con- 
structed that a sterile hypodermic needle could be attached to its tip.t 
The venous pressure was usually sufficient to force the blood through 
the straight inner tube of the electrode; occasionally slight stasis 
was necessary. Constant temperature of the electrode was insured 
by hanging it in a saturated potassium chloride solution which was 
kept at 37.5°C by circulating water. This potassium chloride solution 
served further as a liquid junction between the glass electrode and 
the reference half-cell. The electrode was calibrated with buffer 
solutions of known pH and was checked between each sample of 
blood. The accuracy of the measurements was 0.03 pH units. 

Although only 0.5 cc of blood was necessary to fill the glass elec- 
trode completely, usually another 0.5 cc of blood was passed through 
it to make sure that the blood was of the same composition as that 
in the vein. Before taking a sample, the electrode was rinsed with a 
solution of heparin (obtained from Connaught Laboratories, Uni- 
versity of Toronto, Canada, or Hynson, Westcott and Dunning, Inc., 


* Supported by a grant from the John and Mary B. Markle Foundation. 

1 Goldblatt, H., Lynch, J., Hanzal, R. F., and Summerville, W. W., J. Bap. 
Med., 1934, 59, 347. 

2 Glenn, F., and Child, C. G., Arch. Surg., 1938, 36, 373. 

3 MacInnes, D. A., and Belcher, D., Ind. Eng. Chem. Anal. Ed., 1933, 5, 199. 

t Details of the glass electrode will be described elsewhere. 
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Baltimore, Md.) in 0.9% sodium chloride. Most of this was 
washed out by the stream of blood, but enough remained to prevent 
clotting. The blood pH in the presence of heparin did not differ 
from that in its absence in agreement with the observations of 
others.** The measurements were completed in less than one minute 
trom the time the blood was drawn so that changes in the blood pH 
due to glycolysis’ could not have occurred. Blood samples taken 
repeatedly from the same dog during an hour had identical pH 
values, demonstrating the reproducibility of the method. From day 
to day, however, the blood pH of individual dogs varied considerably, 
which may have been due largely to different degrees of excitement 
and activity, or to variations in the diet. In Fig. 1 the arterial 
blood pressures and the pH values of the systemic blood are compared 
for one dog in each of the 3 groups. The blood pressures were meas- 
ured by means of Van Leersum carotid loops.** It may be seen 
from Fig. 1 that the variations in pH and arterial pressure do not 
go in parallel. 

The results obtained are summarized in Tables I and II. If the 
means are calculated for Table I we find pH 7.32 corresponding to an 


DOG No 175 


OCG No 34 


° ° 
oo O° ° 
200 


°0,°0 50 00 


Bigs: 
B.P.—Arterial pressure in mm mercury. 
L—Application of clamp to left renal artery. 
R—Application of clamp to right renal artery. 


4 Yoshimura, H., J. Biochem. Tokyo, 1936, 28, 335. 

5 Haugaard, G., and Lundsteen, E., Biochem. Z., 1936, 285, 270. 
6 Van Leersum, E. C., Arch. f. d. ges. Physiol., 1911, 142, 377. 

7 Child, C. G., and Glenn, F., Arch. Surg., 1938, 36, 381. 
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TABLE II. 
Dog No. 159 167 172 174 
Sex F F M EF 
Avg B.P. before first clam 140 (4)* 130 (5) 120 (6) 135 (30) 
Ue eat tore 6 ie He 200 (4) 170 (39) 160 (43) 160 (20) 
tam Ba 2» ‘second 7 — PAS) (CD) =) (a) — 
?? pH before first ad 7.30 (6) 7.384(7) 7:33°(6))  738)(30) 
II) vate: wey? og 7.26 (3) 7.382 (39) 7.388 (45) 7.37 (22) 
AT OAN) Boe second ’”’ — USGS) (hepith (UB) = 


*The figures in parentheses indicate the number of observations. 


arterial blood pressure of 135 mm of mercury for the normal dogs, 
and a pH of 7.35 corresponding to an arterial pressure of 175 mm of 
mercury in the hypertensive dogs. This difference is within the 
experimental error of our method of measurement ; however, since it 
is based on the average of many values, we feel that it may be signifi- 
cant enough to indicate the direction of pH changes in the blood due to 
clamping of the renal arteries. Further experiments are in progress 
to determine the pH changes in each renal vein. 

With respect to Table II it may be mentioned that dogs 159 and 
167 which had a sharp rise in arterial pressure with a change in 
blood pH towards more acid values, died before the experiment was 
finished due to uremia. The other hypertensive dogs with the more 
alkaline blood have a normal blood urea nitrogen content. 

It may be concluded from this experiment that the buffering 
capacity of the systemic blood is sufficient to offset the introduction of 
an alkaline or acid substance if such is produced by the kidney as the 
result of ischemia. 
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Bacteriostatic Actions of Three Thiazol Derivatives of Sulfanila- 
mide upon Bacteria in Broth Cultures. 


C. A. Lawrence. (Introduced by O. W. Barlow.) 


From the Research Laboratories of the Winthrop Chemical Company, Inc., 
Rensselaer, N. Y. 


On the basis of in vitro studies 3 members of a new group of com- 
pounds, namely 2-sulfanilamidothiazol (sulfathiazol), 2-sulfanil- 
amido-4-methylthiazol (sulfamethylthiazol), both of which were re- 
cently described by Fosbinder and Walter,’ and 2-sulfanilamido-4- 


1 Fosbinder, R. J., and Walter, L. A., J. Am. Chem. Soc., 1939, 61, 2032. 
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phenylthiazol (sulfaphenylthiazol) appear to be distinctly superior 
to sulfanilamide and sulfapyridine in their bacteriostatic effects on 
pneumococci Types I, II and III, beta Streptococcus hemolyticus 
Group A, gonococci and Staphylococcus aureus. 

Methods. Dilutions of the drugs were prepared in veal dextrose 
broth of pH 7.4 and containing bacto peptone. Sterile horse serum 
was added to the broth as an enriching substance for the pneumococci 
and streptococci. Ascitic fluid was used to enrich the medium for the 
gonococci. 

To 5cc of drug-broth solution was added one drop of an 18-hour 
undiluted broth culture of organisms. At the end of 5 hours’ incu- 
bation at 37°C a transfer of 1 drop was made from the first tube to a 
second containing the same drug-broth solution, as well as to a tube 
containing no drug. Similar transfers were made from the second to 
the third tube, from the third to the fourth tube, etc., at the end of 
8, 24, 32, 48, 56, and 72 hours. All tubes were incubated at 37°C 
for at least 96 hours before recording the final results. A protocol 
on the findings of one of these tests is presented in Table I. 

Results. After 5 hours’ exposure of one drop of Types I, II and 
III pneumococci in a 5 mg % concentration (1:20,000) of the 
thiazol-broth solutions, a drop of the treated organism suspensions 
failed to elicit a growth in a second tube containing the same drug- 
broth solution. Sulfapyridine, on the other hand, did not exhibit 
this same action on Types II and III even after the seventh transfer 
or at the end of 72 hours. The latter compound showed some degree 
of bacteriostasis upon Type I pneumococci, however, here again not to 
the extent demonstrated by the thiazol derivatives. The sulfaphenyl 

TABLE I. 


Bacteriostatic Action of a 5 mg % Concentration of Sulfanilamide and Some of 
Its Derivatives upon Type IL Pneumococci in Broth. 
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Fig 15 


Bacteriostatic Actions of Sulfapyridine and Sulfanilamidothiazol 
Gompounds upon Pneumococci and Streptococci 
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The length of the columns for time intervals less than 72 hours indicates the 
time at which complete bacteriostasis occurred in the drug-broth tubes. Columns 
extending to 72 hours indicate growth up to this time. 
compound was the only drug which presented inhibition upon the 
streptococci in this low concentration. 

A 10 mg % concentration (1:10,000) of sulfathiazol and sulfa- 
methylthiazol inhibited the development of streptococci in the third 
transfer or in the 24-hour subculture tube. The phenyl derivative 
was correspondingly effective in less than 5 hours: in other words, no 
growth was detected beyond the first inoculated tube. Sulfapyridine 
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produced no demonstrable effect in the same concentration throughout 
the entire test period. A summary of the results on pneumococci 
Types I, II and III and beta Streptococcus hemolyticus, using 1, 5, 
and 10 mg % concentrations of the drugs are presented in Figs. 1 and 
2. The results obtained with sulfanilamide are omitted in the figures, 
since it was found that a 10 mg % concentration of the compound 
failed to produce total inhibition of any of the test organisms. 

A 1 mg % concentration (1:100,000) of the 3 thiazol compounds 
inhibited the development of the gonococcus in the first subculture 
tubes, although proliferation was noted to have occurred in the first 
inoculated tube. Sulfapyridine in the same test inhibited growth of 
the organisms only at the 56-hour transfer. Sulfanilamide was in- 
effective throughout the entire test period. The results of this test 
are presented in Table IT. 

The action of all compounds which were effective under the con- 
ditions of these tests has been found to be purely one of bacterio- 
stasis. These findings confirm the results obtained with the parent 
substance as reported by Bliss and Long,’ Gay and his coworkers,? 
and others. By preparing dilute suspensions of the various organisms 
in saline and making agar plate counts, the bacteria in all instances 
were found to have multiplied in the first tube inoculated with the 
heavy broth suspension. Total inhibition, when such did occur, was 
first noted in the drug-broth subculture tubes. Furthermore, when 
bacteriostasis in the latter tubes became apparent, the corresponding 
control tubes containing no drug always yielded a growth in at least 


TABLE II 
In Vitro Effects of a 1 mg % Concentration of Sulfanilamide and Some of Its 
Derivatives upon Gonococci in 20% Ascitic Fluid Broth. 
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2 Bliss, E. A., and Long, P. H., J. A. M. A., 1937, 109, 1524. 
3 Gay, Clark, Street and Miles, J. Exp. Med., 1939, 69, 607. 
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one transfer beyond the point at which inhibition was detected in 
the drug-broth solutions. 

Since it was found that a 10 mg % concentration of the various 
compounds had little if any effect in inhibiting the growth of 
Staphylococcus aureus under the above conditions, a second method 
of testing these compounds on this organism was resorted to. Accu- 
rately weighed quantities of the drugs were added to 100 cc portions 
of veal dextrose broth. Due to the poor solubility of some of the 
compounds the solutions tested were, in certain instances as indicated 
in Table III, supersaturated. To each drug-broth solution, or 
solution-suspension was then added 1 cc of a dilute suspension of 
Staphylococcus aureus. All flasks containing the control and medi- 
cated media were maintained at 37°C by means of a water bath. Im- 
mediately following the addition of the inoculum, and hourly inter- 
vals thereafter, 0.1 cc of the organism-broth suspension was trans- 
ferred to the center of a sterile petri dish. Melted and cooled 
(45°C) veal dextrose agar was then added to the plate, the contents 
mixed thoroughly by swirling and the agar allowed to solidify. The 
plates were then placed in the incubator at 37°C for 72 hours, at 
which time the results were recorded. 

The data presented in Table III indicate that the thiazol com- 
pounds, and especially the methyl and phenyl derivatives exhibit a 
marked bacteriostatic action upon Staphylococcus aureus. Further- 
more, although not indicated in the table, this inhibitory effect was 
conspicuous even after several days’ incubation at which time in- 
terval little, if any cloudiness, indicative of growth could be detected 

TABLE IIT. 


Evaluation of Bacteriostatic Action of Sulfanilamide and Some of Its Derivatives 
upon Staphylococcus aureus by Direct Plate Counts. 


Hours 
(Gs Sea a! 
Compounds mg % Solution 0 2 3 4 5 6 te 
Sulfanilamide 200 Complete Wb PA) (AU) PLS ES/ 950 1,800 
100 ce 5 34 149 441 930 1,500 3,000 
Sulfapyridine 200 Incomplete 13 19 45 186 349 800 1,500 


100 Complete 14 23 93 340 620 950 2,500 
Sulfathiazol 200 a 10 Be eye Gs) alles} 364 660 
100 i OOS 0mesoo 900 1,000 
Sulfamethylthiazol 200 Incomplete 4 Sa 107 196 
100 Complete LOD VL 4a SSS east 760 1,400 
Sulfaphenylthiazol 100 Incomplete 7 Gy ea a 34 37 
50 ae aD) bss aly) I) 32 47 
10 Complete LOT 16 350 34229 720 990 

Broth Control —_ — 9 27 124 5001,200 8,500 ba 


Figures of 500 or less represent actual number of colonies counted per plate. 
Values above 500 were approximated on the basis of counts of uniform fields. 
*Too numerous to count. 
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in the inoculated flasks containing the larger quantities of the latter 
two compounds. Under similar conditions sulfanilamide and sulfa- 
pyridine exhibited a moderate bacteriostatic action but these com- 
pounds were distinctly inferior to the thiazol derivatives against the 
staphylococcus in the drug concentrations used. Under different 
experimental conditions Bliss and Long‘ reported that sulfanilamide 
and sulfapyridine were ineffective in their im vitro action upon 
Staphylococcus aureus. 

Summary. Three new thiazol derivatives of sulfanilamide have 
been studied with respect to their bacteriostatic action upon micro- 
organisms. These compounds were found to be superior to sulfanil- 
amide and sulfapyridine in their inhibitory actions upon pneumo- 
cocci Types I, II and III and beta Streptococcus hemolyticus Group 
A in concentrations as low as 5 mg %. Concentrations of 1 mg % 
proved the new derivatives to be more effective against the gono- 
coccus than the parent compound and sulfapyridine. The methyl 
and phenyl derivatives were found to be markedly bacteriostatic for 
Staphylococcus aureus. Sulfanilamide and sulfapyridine exhibited 
a moderate degree of inhibition upon the latter organism. 
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Negative Effect of Synthetic Vitamin B, Hydrochloride in 
Nutritional Deficiency in Man.* 


ROBERT KARK, EUGENE L. LOZNER AND ARNOLD P. MEIKLEJOHN. 
(Introduced by George R. Minot.) 
From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 


(Harvard) of the Boston City Hospital, and the Department of Medicine, Harvard 
Medical School, Boston, Mass. 


Spies and his associates’ have recently reported observations on 4 
patients with pellagra, who following treatment with nicotinic acid, 
riboflavin and thiamin chloride while they were taking a deficient diet, 
continued to complain of nervousness, insomnia, irritability, abdom- 
inal pain, weakness and difficulty in walking. These symptoms were 
relieved within 4 hours by a single dose of 50 mg of synthetic vitamin 
B. hydrochloride (2-methyl-3-hydroxy-4, 5- (hydroxymethyl) -pyri- 

4 Bliss, E. A., and Long, P. H., Proc. Soc. Exp. Biot. AND MeEp., 1938, 39, 483. 

* Aided in part by a grant given in honor of Francis Weld Peabody by the 


Ella Sachs Plotz Foundation. 
1 Spies, T. C., Bean, W. B., and Ashe, W. F., J. Am. Med. Assn., 1939, 112, 2414. 
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dine) intravenously. Fouts and his coworkers? have reported the 
development of a microcytic hypochromic anemia in puppies taking 
a synthetic diet deficient in vitamin Be, which was cured by the ad- 
ministration of this factor. 

This communication records observations on the ineffectiveness of 
synthetic vitamin B, hydrochloridet administered to 6 patients with 
nutritional deficiency of types described in Table I, 5 of whom had 
very definite anemia. 

Each patient on admission to the hospital was placed on a standard 
3000 calorie diet containing only traces of the water soluble vitamins. 
Reticulocyte counts were done daily and counts of the red and the 
white blood cells and hematocrit and hemoglobin determinations were 
made every other day. The clinical and hematological findings are 
summarized in Table I. There was no evidence of a reticulocyte 
response in any case and the reticulocytes were always less than 2%. 

Four of the patients received ferrous sulfate, nicotinic acid, thia- 
min chloride, riboflavin and ascorbic acid prior to and during vitamin 
B, therapy. These substances were given in order that a possible 
synergistic effect might not be overlooked. No toxic symptoms were 
encountered referable to vitamin By, administration in the doses tabu- 
lated. 

In none of the 6 cases was any improvement observed either in the 
anemia or in the subjective symptoms and objective signs following 
vitamin B, administration. 


The authors express their appreciation to Harriet MacDonald, B.S., 
for technical assistance. 


2 Fouts, P. J., Helmer, O. M., Lepkovsky, S., and Jukes, T. H., J. Nutrition, 
1938, 16, 197. 
t Furnished through the courtesy of Merck and Co., Inc., Rahway, N. J. 
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Serial Passage of the Human Influenza Virus in the European 
Hamster (Cricetus cricetus). 


R. M. Taytor anv Mixxés Drecuss. (Introduced by J. H. Bauer.) 
From the State Institute of Hygiene, Budapest, Hungary.* 


The study of viruses pathogenic for man is largely dependent on 
having an animal host suitable for experimentation. So far in the 
study of human influenza, ferrets and mice have proved to be best 
suited to this purpose, although both animals are far from being 
ideal. A number of others such as the hedgehog,’ white rat, guinea 
pig,” guinea pig foetus,* Chinese mink, and David’s squirrel* have 
been shown to be susceptible only to varying degrees. However, 
search for additional suitable animals is being continued by most 
investigators engaged in the study of viruses, and the purpose of the 
present communication is to report briefly the results of the attempts 
to infect the European hamster (Cricetus cricetus){ with influenza 
virus. 

The strain of virus employed in these experiments was obtained 
4 months previously from a person suffering from a rather typical 
attack of influenza. This virus had been identified immunologically 
as belonging to the group of human influenza viruses. In ferrets it 
produced characteristic symptoms but no lung lesions. 

The following procedure was adopted: In each passage 2 hamsters 
were inoculated intranasally with 0.5 cc of virus suspension while 
under ether anesthesia. One of the animals was sacrificed on the 4th 
day, and 20% suspensions in broth-saline solution of the turbinates 
and lungs were prepared separately for subinoculation to mice and 
for transfer to the 2 hamsters of the succeeding passage. The second 


*Supported in part by the International Health Division of the Rockefeller 
Foundation. 

1 Stuart-Harris, C. H., Brit. J. Hap. Path., 1936, 17, 324. 

2 Stuart-Harris, C. H., Brit. J. Hap. Path., 1937, 18, 485. 

3 Woolpert, O. C., Gallagher, F. W., Rubenstein, L., and Hudson, N. P., J. Exp. 
Med., 1938, 68, 313. 

4Tang, F. F., Brit. J. Exp. Path., 1938, 19, 179. 

t The Cricetus cricetus belongs to the order Rodentia, tribe Muride, sub-family 
Cricetine, not to be confused with the smaller golden hamster, Cricetus auratus, 
found in the Near East. It occurs in large numbers in Hungary and other parts 
of Europe and can easily be captured. For identification of the animals used in 
these experiments we are indebted to Dr. J. Ehik, Hungarian National Museum of 
Budapest. 
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hamster in each passage series was held for determination of im- 
munity response. Blood was drawn from the heart preceding, and 
2 weeks following, inoculation, and the serum was tested quanti- 
tatively for neutralizing antibodies. Thus in each passage effort was 
made to determine the existence of infection by the recovery of the 
virus in mice and by a rise in the circulating antibodies. 

In the first experiment a 10% mouse lung suspension of the above- 
indicated virus, which had been through 2 ferret and 21 mouse pas- 
sages, was used for inoculating the primary pair of hamsters. Ten 
serial passages were made. During the first 6 passages a mixture of 
turbinate and lung suspension was used for transfer and in the other 
4 passages turbinate suspension alone. The virus was recovered from 
the turbinates of each passage hamster, and the duplicate animal held 
for immunity response showed a definite development of circulating 
antibodies. Serum from the hamsters taken before inoculation 
showed no neutralizing properties, even when used undiluted, but 
specimens taken 2 weeks after inoculation gave complete neutraliza- 
tion in dilutions approximating 1/250. 

While the virus was frequently recovered from the lungs, it was 
not possible to continue passage of the infection when transfers were 
made from the lungs alone. 

The rather marked stimulation of antibodies is indicative of a con- 
stitutional reaction, yet the animals manifested no definite symptoms. 
Other than congestion and slight swelling of the turbinates, the 
autopsies revealed nothing remarkable. 

Subsequently it was found possible to infect and pass serially in 
hamsters a virus strain from a ferret which had not been adapted to 
mice. No throat washings from persons ill with influenza were 
available at the time, and it remains to be determined whether or not 
the hamster may be infected directly from human beings. 

It may be added that 3 unsuccessful attempts were made to pass the 
virus serially in the European souslik (Citellus citellus). The virus 
could not be recovered beyond the first passage, nor was there any 
stimulation of neutralizing antibodies, except to a slight degree, in the 
souslik receiving the primary inoculum. 
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Peroxide Production by Type 3 Strains of Group A 
Beta Hemolytic Streptococci. 


Faityu P. HapLey AND PHiLip HADLEY. 
From the Institute of Pathology, Western Pennsylvania Hospital, Pittsburgh. 


Penfold* reported that peroxide-producing bacteria form black 
colonies on blood agar containing benzidine. He concluded that all 
pneumococci, and probably all streptococci, exhibit this reaction, but 
observed that some streptococcal strains gave both black and white 
colonies. Tunnicliff,” using Penfold’s method, noted that strepto- 
cocci from scarlet fever, giving specific opsonic tests, produced only 
white colonies while their dissociants, as well as cultures from 
erysipelas, yielded black colonies. Recently, Fuller and Maxted*® 
stated that 10 Type 3 strains of beta hemolytic streptococci of Group 
A failed to reveal peroxide whereas 63 of 65 strains of other types 
did form it. Since 2 of their peroxide-negative Type 3 strains 
(“Richards” and “Robb’’) had been shown, in many earlier studies 
on sulfanilamide, highly susceptible to this drug, Fuller and Maxted 
concluded that the theory of Mellon and coworkers*® regarding the 
part played by peroxide in bacteriostasis caused by sulfanilamide was 
invalidated. The present report deals with the development of 
peroxide-forming variants from apparently peroxide-negative strains 
of Type 3 streptococci growing on benzidine blood agar. 

Methods: Benzidine solution was prepared by grinding 0.5 g of 
Pfanstiehl C.P. benzidine base with 0.7 cc concentrated HCl and 
adding gradually 99.3 cc distilled water. This 0.5% solution was 
sterilized by filtration. At the time of pouring plates 0.5 cc of this 
solution, together with 1.0 cc of defibrinated rabbit blood, was added 
to 20 cc of beef-muscle or veal-heart infusion agar, pH 7.6, contain- 
ing 1% Bacto-peptone, 0.5% salt and 1% sodium glycerophosphate. 
If the culture fails to grow on this concentration of benzidine the 
amount may be reduced to 0.1 cc. After a few passages on the lower 
concentration the amount may be increased to 0.25 cc, which is suffi- 
cient to give a positive reaction. Broth cultures of strains to be 


1Penfold, W. J., Med. J. Australia, 1922, 9, 120. 

2 Tunnicliff, R., J. Inf. Dis., 1935, 57, 147. 

3 Fuller, A. T., and Maxted, W. R., Brit. J. Exp. Path., 1939, 20, 177. 

4 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Bion. AND MEp., 
1938, 39, 272. 

5 Locke, A. P., Main, EK. R., and Mellon, R. R., J. Immunol., 1939, 36, 183. 
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tested are streaked on the benzidine medium which is incubated at 
37°C. Observations are made daily and plates at first showing only 
white colonies are incubated for 2 to 4 days and then left at room 
temperature. 

Strains Tested: These included 6 Type 3 strains from Dr. Lance- 
field and designated by her: D58/36/3 (Richards); P279/7/1; 
D 121; S84/46/0; F 85 and H 89. Two other strains from Dr. 
Griffith were designated : US41 and Lewis. When received, all cul- 
tures were in mucoid phase except H89, which was smooth, and D58 
and P279, which were predominantly mucoid but contained a few 
smooth-phase organisms. 

Results: Streptococcal cultures that readily produce peroxide 
manifest black colonies within 24 to 48 hours at 37°C. Of the strains 
mentioned above all gave white colonies when observed after 48 
hours. After the plates had stood at room temperature for 3 to 10 
days, however, some of the white colonies had developed black 
papillae (secondary colonies). At first these were present in only a 
few of the white colonies but, as the plates aged, additional white 
colonies were observed to contain one or more of them. If growth 
was sufficiently prolonged they might overgrow the white portions of 
the original colony. When the entire colony was scraped from the 
agar the underlying medium was blackened only beneath the papillae. 

When black papillae were subcultured to fresh benzidine blood agar 
pure black and pure white colonies developed, the former showing 
color in 2 to 4 days. Subculture from the papillae of some strains 
gave black-ringed colonies or colonies showing black arcs at the 
periphery. Continued selection of black colonies yielded strains that 
produced 100% black colonies after 24 hours’ growth. While some 
strains required only 2 or 3 selections, others gave a pure black culture 
only after 6 or 7 selections. Pure black lines have remained stable 
for at least 2 months. The virulence for mice is less than that 
of the parent white strains. 

Of 8 Type 3 strains tested we have obtained peroxide-positive 
variants from 7. Only D121 has thus far given negative results. Of 
these 7 strains 3 (Lewis, Richards and P279) were reported perox- 
ide-negative by Fuller and Maxted. 

Conclusions. These results demonstrate that Type 3 hemolytic 
streptococci produce peroxide under conditions determined by certain 
variability factors. This is also true of some other type strains. In 
manner of origin and in subsequent cultural behavior these peroxide- 
positive variants resemble the lactose-positive variants of B. coli 
mutabile. Peroxide formation by Type 3 strains was predicted by 
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Mellon,® who believed its apparent absence was due to temporary 
suppression of a special “growth phase” possessing this function. 
Whether suppression of peroxide formation in the white colonies is 
complete, or reduced to a degree not detectable by the present meth- 
ods, remains a question. 
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Microdetermination of Homocystine in Pure Solution with the 
Dropping Mercury Cathode.* 


ADOLPH STERN AND Exiot F. Beacu. (Introduced by Icie G. 
Macy. ) 
From the Research Laboratory of the Children’s Fund of Michigan, Detroit. 


In a previous paper the polarographic microdetermination of 
cystine in globin hydrolysates was reported. Under the conditions 
outlined for the experiment it was shown that methionine did not give 
a polarographic effect and was not detected by the mercury cathode. 
The fact that methionine does not interfere in the polarographic de- 
termination of cystine, provided its concentration is not greatly in 
excess of that of cystine, has been verified by Smith and Rodden.’ 
A special calibration method was devised, however, to eliminate any 
errors in the cystine determination should interference arise from 
methionine or other amino acids present in the hydrolysates.* 

Homocystine, which is derived from methionine by demethylation 
and oxidation, gives the sulfhydryl compound, homocysteine, upon 
reduction. Inasmuch as homocystine is a homologue of cystine, the 
behavior of these compounds should be analogous. While homo- 
cystine may be determined by the method of Okuda* * and photo- 
metrically,’ the physiological importance of homocystine makes it 
desirable to have still another method for determining this substance 


6 Mellon, R. R., 1940, in press. 

* A preliminary report of this paper was presented before the Division of 
Biological Chemistry at the Ninety-seventh Annual Meeting of the American 
Chemical Society at Baltimore, Md., April 3-7, 1939. 

1Stern, A., Beach, E. F., and Macy, Icie G., J. Biol. Chem., 1939, 130, 733. 

2Smith, E. R., and Rodden, C. J., J. Research Nat. Bur. Standards, 1939, 22, 
669. 

3 Okuda, Y., J. Biol. Chem. (Japan), 1925, 5, 17. 

4 Brand, E., Cahill, G. F., and Block, R. J., J. Biol. Chem., 1935, 110, 399. 

5 Kassell, Beatrice, J. Biol. Chem., 1935, 109, xlix. 
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in low concentrations. For this reason the possible catalytic effect of 
homocystine at the dropping mercury cathode in the presence of 
ammonia, ammonium chloride and cobaltous chloride has been in- 
vestigated in the hope that it might furnish the basis of a method for 
determining homocystine in solutions. 

The homocystine used in these experiments was prepared by the 
method of Butz and Du Vigneaud.* The determinations were carried 
out with a standard solution of 10° M homocystine in 0.177 N hydro- 
chloric acid. Shortly before making the measurements, 1 cc of this 
standard solution was added to a mixture of ammonium chloride and 
ammonia in a 25 cc volumetric flask and diluted so that the final con- 
centration of the diluent was 0.1 N ammonium chloride and 0.1 N 
ammonia. Successively, different amounts of the standard solution 
of homocystine were introduced into 25 cc volumetric flasks and 
diluted to the mark with varying amounts of stock solutions of am- 
monium chloride, ammonia and cobaltous chloride to make the final 
concentration always the same (0.1 N ammonia, 0.1 N ammonium 
chloride and 10° M cobaltous chloride) in accordance with the 
specifications of Brdicka’ for cystine. The polarograms for several 
different concentrations of homocystine were measured with the 
Heyrovsky polarograph. (Oxygen need not be removed from the 
solutions. ) 

It was found in the present work, as Brdicka’ determined with 
several other thio-acids, that homocystine gives the polarographic 
effect in the presence of ammonia, ammonium chloride and cobaltous 
chloride. It is seen in Fig. 1 that the catalytic wave of the current 
voltage curve of homocystine does not exhibit the rounded maximum 
characteristic of cystine.’ In this respect the homocystine current 
voltage curve resembles that of glutathione and of metallic ions in 
the presence of colloidal substances. To eliminate the possibility that 
impurities might cause the catalytic effect the compound was recrystal- 
lized several times from water. After many recrystallizations the 
homocystine still gave a characteristic catalytic wave without a 
rounded maximum and equimolar solutions of the compound before 
and after recrystallization showed the same wave heights. Homocys- 
tine, like cystine, does not give the effect except in the presence of 
cobaltous ions. 

A calibration curve for homocystine in pure solution may be con- 
structed by plotting wave heights against concentration, in the usual 


6 Butz, L. W., and Du Vigneaud, V., J. Biol. Chem., 1932-33, 99, 135. 
7 Brdicka, R., Collect. Czechoslov. Chem. Communicat., 1933, 5, 148. 
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Typical current voltage curves in solutions with concentration of 0.1 N NH,Cl, 
0.1 N NHsg, and 10-2 M COCly. Curve A, homocystine. Curve B, mixture of 
homocystine and cystine. Curve C, cystine. 
manner. By means of such a curve homocystine may be quantita- 
tively determined in pure solutions in concentrations of only 26 y per 
cc with an accuracy of +3%. The increases in wave heights of 
current voltage curves of homocystine, as with cystine, are not 
directly proportional to the concentration. 

The wave height of a solution of homocystine is somewhat lower 
than that of an equimolar solution of cystine. The wave heights 
seem to vary with the structure of the thio acids. Brdicka’ has 
studied the relation of wave height to the proximity of the sulfhydryl 
group to the amino acid group. The wave heights of equimolar solu- 
tions of the substances studied decrease in the order thioglycolic acid, 
cysteyl-glycine, cysteine. The wave heights of homocysteine are lower 
than that of cysteine. This indicates that there is a relation between 
the wave heights and the proximity of the amino to the sulfhydryl 
group. Otherwise it is not clear why the wave height of cysteyl- 
glycine is higher than that of cysteine. The relations between wave 
height and structure, however, seem to be more complicated since the 
character of the thiol group is also influenced by its proximity to the 
carboxyl group as well as to the amino group. 

Homocysteine, like homocystine, has also been found to give the 
catalytic wave without the rounded maximum at the dropping mer- 
cury cathode. The mechanism of the polarographic reaction of homo- 
cystine no doubt is similar to that of its lower homologue, cystine; 
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the homocystine is reduced to 2 molecules of homocysteine before the 
potential of the catalytic wave is reached. It is then homocysteine 
which reacts with the cobaltous ions. It is of interest that with the 
dropping mercury cathode homocystine is readily reduced, whereas 
the catalytic hydrogenation of Bergmann and Michaelis® which is 
successful when applied to cystine fails to reduce homocystine.* Since 
the polarographic effect is due to the sulfhydryl groups, the potential 
at which the cathode reaction takes place is practically the same for 
homocystine and homocysteine as it is for other thio acids such as 
cystine and cysteine. Therefore, it is thus far impossible to distin- 
guish qualitatively between homocystine and cystine by the polaro- 
graphic method if they are in solution together. However, in in- 
stances in which the absence of glutathione is certain, a current 
voltage curve without rounded maximum would be suggestive of the 
presence of homocystine alone. 

On the other hand, an investigation of the current voltage curves 
given by mixtures of cystine and homocystine shows that it is possible 
to determine both amino acids quantitatively in the same solution. 
In this case the curves exhibited the rounded maximum characteristic 
of cystine and other thio acids (Fig. 1). Furthermore, the sum of 
the quantities of homocystine and cystine together, in the relative 
proportions thus far studied, can be calculated from the calibration 
curve for cystine alone and with the same accuracy. This means 
that the wave height due to homocystine in solution with cystine is 
augmented sufficiently to be almost the same as that due to an 
equivalent quantity of cystine sulfhydryl groups. This observation 
is of significance when it is recalled that homocystine in the Folin 
and Marenzi method? develops considerably less color than an equi- 
molar amount of cystine whereas together in solution cystine and 
homocystine produce the full amount of color to be expected if all of 
the sulfhydryl groups were in the form of cystine.* 

The polarographic method furnishes a means of determining 
homocystine which may be applied to biological material. Obviously 
it would be of value in determining methionine after quantitative 
demethylation. Investigations of these problems and particularly 
those relating to the determination of methionine are now in progress. 

Summary. Homocystine and homocysteine can be determined 
quantitatively with the polarographic method. In concentrations as 
low as 26 y per cc the accuracy is +3%. The quantity of sulfhydryl 


8 Bergmann, M., and Michaelis, G., Ber. deutsch. chem. Ges., 1930, 63B, 987, 


cited, Chem. Abs., 1930, 24, 3757. 
9 Folin, O., and Marenzi, A. D., J. Biol. Chem., 1929, 83, 103. 
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groups in mixtures of homocysteine and cystine can be determined 
with the same accuracy although it is not possible to distinguish 
homocystine and cystine qualitatively by this method. 
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Conversion of S-benzylglutathione to Benzylmercapturic Acid 
in the Rat.* 


Jacos A. STEKOL, 
From the Department of Chemistry, Fordham University, New York. 


We reported recently that benzyl chloride, when administered to 
dogs, rabbits, and rats, yields in the urine of these animals N-acetyl- 
S-benzylcysteine. The same mercapturic acid was obtained from the 
urine of dogs, rabbits, and rats on feeding S-benzylcysteine to the 
animals.* 

When S-benzylhomocysteine was administered to rabbits and rats 
N-acetyl-S-benzylhomocysteine was excreted in the urine.” This 
finding indicated that homocysteine is not the intermediate substance 
in the synthesis of benzylmercapturic acid from benzyl chloride in 
vivo and that benzylhomocysteine is not convertible to benzylcysteine 
in the animal body. The acetylation of S-benzyl-cysteine and S- 
benzylhomocysteine in the rat was confirmed.® 

The study of the metabolism of the benzyl derivatives of sulfur- 
containing amino acids and their derivatives has now been extended to 
S-benzylglutathione. The experiments described here deal with the 
fate of S-benzylglutathione in the rat. 

Experimental. Synthesis of S-benzylglutathione. 1.0 g of com- 
mercial glutathione was dissolved in about 30 ce of liquid ammonia 
and dry metallic sodium was added to the solution in small portions 
until a permanent blue coloration was obtained. An excess of benzyl 
chloride (0.5 cc) was then added dropwise, with shaking, and the 
ammonia was allowed to evaporate. The residue was then extracted 
with ether 3 times and then dissolved in water. Enough concen- 
trated HCI was added to the solution to obtain a pH of 4 to 4.5, and 


* Grateful acknowledgment is made to Mr. J. Alicino for the microanalytical 
work. 

1Stekol, J. A., J. Biol. Chem., 1938, 124, 129. 

2 Stekol, J. A., J. Biol. Chem., 1939, 128, 199. 

3 du Vigneaud, V., Wood, J. L., and Irish, O. J., J. Biol. Chem., 1939, 129, 171. 
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the reaction mixture was placed in a refrigerator overnight. The 
white granular precipitate was filtered, washed with cold water, then 
recrystallized twice from boiling water, filtered and dried in vacuo 
over H,SO,. The yield was 1.0 g, or about 80% of the theory. The 
analytical values of the substance are shown below. 


C H N iS) IMEAEAZC 
Found: 51.21 5.92 10.64 8.01 199-200 (uncorrected) 
Caleulated for Cy7Ho30gN38: Dios Deo) 0kOS8), 8:06 


Experiments with S-benzylglutathione. 0.4 to 0.5 g portions of 
S-benzylglutathione were fed mixed with food to each of 3 adult 
albino rats of 200 to 250 g weight. The urine was collected as was 
described previously.» ? The urine of each rat was evaporated to 
a syrup im vacuo at 38-40°, acidified with HCl, and extracted with 
several portions of ethyl acetate. The extract was evaporated to 
dryness in vacuo at 38 to 40°, and the residue was dissolved in hot 
water. On cooling, crystalline material separated. It was centri- 
fuged and recrystallized from hot water several times, filtered and 
dried im vacuo over H.SO,. The substance crystallizes from water 
in long needles. The analytical values are shown below. 


C H N S Acetyl M.P.°C 


Found: 56.96 5.97 5.58 12.42 16.53 143-144 (uncorrected) 
Calculated for 
Cy2Hy203NS: 56.92 5.93 5.54 12.65 16.98 


One percent of the substance in 95% alcohol gave [a] =-42°, 
and the melting point of 50% mixture of the substance with an 
authentic sample of N-acetyl-S-benzyl-l-cysteine remained un- 
changed. 

The results reported above indicate the conversion of S-benzyl- 
glutathione to N-acetyl-S-benzylcysteine in the rat. It appears prob- 
able that S-benzylglutathione was hydrolyzed im wivo to yield S- 
benzylcysteine. The latter was then converted to the acetyl deriva- 
tive, as could be expected from earlier work.»* As we suggested 
previously,” * the acetylation of S-benzylcysteine and S-benzylhomo- 
cysteine in vivo is probably preceded by oxidative deamination of the 
substances as postulated by the theory of Knoop.* This view is now 
supported by the experimental data of du Vigneaud, et al.’ 

It would be of interest to ascertain whether glutathione augments 
the synthesis of benzylmercapturic acid from benzyl chloride in the 
rat, particularly because our present data suggest the possibility of 
direct combination of benzyl chloride with glutathione im vivo prior 


4 Knoop, F., and Blanco, J. G., Z. Physiol. Chem., 1925, 146, 267. 
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to the formation of benzylmercapturic acid. It should be mentioned, 
however, that glutathione failed to augment the synthesis of p-bromo- 
phenyl and l-a-naphthalenemercapturic acids in the rat, suggesting 
the inference that glutathione is not involved directly with the 
synthesis of these mercapturic acids in vivo.” 

Summary. 1. S-benzylglutathione was synthesized and fed to 
adult rats. N-acetyl-S-benzyl-l-cysteine was isolated from the urine 
of these animals and identified by analysis. 2. The results suggest 
that the benzylated tripeptide was hydrolyzed in the rat to yield 
S-benzylcysteine which was then acetylated via the mechanism pro- 
posed by Knoop.* 
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Development of Vaccinia and Variola Viruses in Embryonated 


Eggs at 28°C. 


Joun B. Netson. (Introduced by Carl TenBroeck. ) 


From the Department of Animal and Plant Pathology, The Rockefeller Institute 
for Medical Research, Princeton, N. J. 


At a temperature of 28°C the embryo in fertile 10-day hen’s eggs 
ceases to develop but may remain alive for 48 to 72 hours, showing 
active movement on removal. By the 4th day, however, the embryo 
is usually inactive and autolytic changes may be apparent in the 
chorioallantoic membrane. It seemed of interest to determine 
whether certain viruses which are readily propagated in fertile eggs 
at temperatures favoring a normal development of the embryo could 
also be maintained at 28°C. 

Accordingly, observations were made on the behavior of vaccinia 
and variola viruses in 10-day embryonated eggs held at a constant 
temperature of 28°C for 2 to 4 days in a humidified incubator. The 
chorioallantois was retracted from the shell membrane by suction and 
small unmeasured amounts of the respective virus suspensions in 
saline were introduced through a window in the shell. The eggs were 
generally opened on the 3rd day and the chorioallantoic membrane 
was removed for microscopic examination. 

Vaccinia virus originally derived from the New York City Board 
of Health strain was established on the chorioallantoic membrane of 
embryonated eggs incubated at 28°C and maintained in 2 series of 


5 Stekol, J. A., J. Biol. Chem., 1938, 122, 333. 
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successive transfers through 20 and 10 passages, respectively. Ele- 
mentary bodies were demonstrable by the silver impregnation method 
of Morosow in membrane films from 47 of 60 eggs used in the first 
passage series and in 21 of 28 eggs in the second series. The embryo 
was active on the 3rd day in 27 of the virus-positive eggs of the first 
series and in 13 of the second. Four bacterial contaminations were 
encountered in the 2 series of inoculations. 

The number of elementary bodies in membrane films varied con- 
siderably from egg to egg; not infrequently, however, they were as 
numerous as in membranes from eggs incubated at 37°C. One 
titration of virus was made in embryonated eggs at 37°C, using a 
membrane removed on the 3rd day from the 16th passage at 28°C. 
The titer was 10°°, the membrane inoculated with this dilution show- 
ing 5 discrete foci. A second titration was carried out in the skin of a 
rabbit, using a 10th passage membrane at 28°C; the limiting dilution 
was again 10°. 

The development of vaccinia virus in the chorioallantoic membrane 
of embryonated eggs incubated at 37°C is accompanied by patho- 
logical changes, chiefly ectodermal proliferation and necrosis, which 
are clearly apparent macroscopically and microscopically. With the 
present strain of virus the embryo is usually dead by the 3rd day. 

The most striking feature of the development of vaccinia virus in 
embryonated eggs incubated at 28°C was the lack of reaction in the 
chorioallantois. Many of the membranes which contained numerous 
elementary bodies appeared normal macroscopically. In some in- 
stances, particularly if retraction from the shell membrane was 
complete, minute foci were visible. These foci were generally so 
small that the membrane merely appeared clouded unless examined 
by low power magnification which brought out their discrete nature. 
Membranes examined on the 3rd day rarely showed any indication of 
necrosis. Those examined on the 4th day often showed autolytic 
changes whether virus was present or not. The histological findings 
were likewise atypical. The mesodermal blood vessels were regu- 
larly engorged and in some membranes, chiefly those which showed 
macroscopic foci, there were suggestive ectodermal thickenings. In 
the majority of the sections, however, the ectoderm was normal and 
intact. The mesoderm rarely showed an infiltration of phagocytic 
cells. The embryo in over half of the virus-positive eggs was normal 
in appearance and active on the 3rd day. 

A strain of variola virus isolated in 1938 and carried through 43 
egg passages at 37°C* was established in the chorioallantois at 28°C 


1 Nelson, J. B., J. Exp. Med., 1939, 70, 107. 
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and maintained for 8 transfers. Elementary bodies were demon- 
strable in the membranes from 17 of the 25 eggs employed but were 
usually less numerous than the elementary bodies of vaccinia. 
Fourteen of the virus-positive eggs contained an active embryo, in 
2 of them after an incubation period of 4 days. 

Most of the membranes inoculated with variola virus showed mac- 
roscopic evidence of a slight tissue reaction indistinguishable from 
that noted in some of the eggs inoculated with vaccinia and negligible 
in comparison with the reaction in membranes incubated at 37°C. 
At the latter temperature the development of variola virus is charac- 
terized by a focal epithelial hyperplasia which becomes confluent, 
resulting in a membrane many times thicker in cross-section than 
those incubated at 28°C. Histologically the membranes showed at 
most a moderate proliferation of the ectodermal cells with a few 
phagocytes in the mesoderm. 

Summary. Vaccinia and variola viruses were established and 
maintained on transfer in the chorioallantoic membrane of embry- 
onated eggs incubated at a temperature sufficiently low to prevent 
cmbryonic development (28°C). The number of elementary bodies 
present in the membrane on the 3rd day approximated that in eggs 
incubated at a temperature which favored growth of the embryo 
(37°C). At 28°C, however, the effect of the respective viruses on 
the membrane and the embryo as well as the cellular response of the 
former to them was significantly retarded. 
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Identity of Natural and Synthetic Crystalline Vitamin B,. 


E, J. REEpMAN, W. L. Sampson anp K. Unna. (Introduced by 
H. Molitor.) 


From the Merck Institute of Therapeutic Research, Rahway, N. J. 


Vitamin B, was first established as a component of the vitamin B 
complex by Gyorgy.* It was subsequently isolated from natural 
sources by Keresztesy and Stevens,” Lepkovsky,* Kuhn and Wendt! 

1 Gyorgy, P., Biochem. J., 1935, 29, 760. 

2 Keresztesy, J. C., and Stevens, J. R., Proc. Soc. Exp. Bron. AND Mep., 1938, 
38, 64. 

3 Lepkovsky, S., Science, 1938, 87, 169. 

4 Kuhn, R., and Wendt, G., Ber., 1938, 71, 780. 
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and Gyorgy.’ It was ultimately synthesized by Harris and Folkers® 
and almost simultaneously by Kuhn and others.’ With the exception 
of a short note by Moller, Zima, Jung and Moll’ in which the bio- 
logical identity of the natural and synthetic products was established 
by their influence on the growth of bacteria there is no other in- 
formation in the literature on the matter of this identity. In the 
course of the work on the isolation and synthesis of crystalline vita- 
min B, in the Research Laboratories of Merck & Co., Inc., we had 
an opportunity to investigate the activity of both the natural and 
synthetic materials by the single dose curative method proposed by 
Moll as well as by the rat prophylactic procedure. A summary of 
these results is presented in this communication. 

In the curative method 21-day-old rats were placed on a vitamin 
B complex free diet consisting of vitamin-free casein 18%, cerelose 
(dextrose) 68%, Crisco 8%, cod liver oil 2%, and O & M salt 
mixture 4%, supplemented with 40 micrograms each of thiamin 
chloride and riboflavin per rat per day.* In 5 to 8 weeks the majority 
of the rats developed well defined symptoms of Bg deficiency charac- 
terized by swollen and edematous paws, thickened and sometimes 
encrusted ears, a denuded nose and occasional ulcerations about the 
mouth and tongue. When these symptoms became well pronounced 
a single dose of the test substance was administered orally to the rat. 
Its effect on the symptoms was observed over a period of 14 days and, 
in addition, weight records were kept on all animals since it is our 
experience that some significant although transient increase in weight 
accompanies the administration of an effective dose of B, to animals 
maintained on the above diet. Table I shows the results of the ad- 
ministration of various doses of natural and synthetic vitamin Bg. 

Table I shows that both the synthetic and the natural vitamin B, 
are equally effective in curing the symptoms of vitamin Bg deficiency. 
Furthermore, though single doses of 100 y are sufficient to effect 
100% cures in the test animals, 50 y will completely cure 70 to 80% 
of the animals and cause some improvement in the remaining animals 


5 Gyorgy, P., J. Am. Chem. Soc., 1938, 60, 983. 

6 Harris, S. A., and Folkers, K., Science, 1939, 89, 347. 

7 Kuhn, R., Wendt, G., Westphahl, O., and Westphahl, K., Naturwissenschaften, 
1939, 27, 469. 

8 Moller, Zima, Jung and Moll, Naturwissenschaften, 1939, 27, 288. 

9 Moll, Th., and Schnittspahn, M., H. Merck’s Jahresber., 1938, 52, 10. 

* We recognize that this diet is deficient in other factors of the vitamin B 
complex but since the cure of rat acrodynia is the criterion in this test these other 
deficiencies do not interfere, as shown by the histopathological studies of Antopol 
and Unna (Proc. Soc. Exp. Bion. AND Mep., 1939, 42, 126). 
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TABLE I. 
No. No. 
Dose No. complete partial No.no Avg wt 

Substance in y animals cures cures cures gain 
Natural Bg 100 10 10 0 0 19.4 
50 6 5 11 0 13.3 

25 10 3 2 5 6.3 

Synthetic Bg 100 ila 11 0 0 18.8 
50 16 12 4 0 12.3 

25 7 3 3 i 9.0 


and 25 y will produce some improvement in several of the animals 
but very few complete cures. These data are in good agreement with 
those published by Moll’ for the natural vitamin Bg. 

In the rat prophylactic method 21-day-old male rats were placed on 
the same vitamin B complex-free diet as used in the curative test. 
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Fig. 1. 

Growth response of rats to daily feeding of graded doses of natural and 
synthetic vitamin Bg. 1—No Bg; 2—2.5 y synthetic Bg; 3—2.5 y natural Be; 
4—5 » natural Bg; 5—5 y synthetic Bg; 6—12.5 y synthetic Beg; 7—10 
y Synthetic Bg; 8—25 y synthetic Bg; d — dermatitis; + — death. 
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From the beginning of the test, each rat received a daily supplement 
of 40 y each of thiamin chloride and riboflavin, 0.5 mg nicotinic acid 
and 0.3 cc of a highly potent liver concentrate of Factor II (Lepkov- 
sky, Jukes and Krause*®) kindly prepared by Dr. J. C. Keresztesy. 
Eight groups of 10 rats each were started on this regimen. The 
doses administered and the weight responses of the animals are 
shown in Fig. 1. The negative control group grew slowly for 7 weeks 
and most of the animals developed typical dermatitis within the 12 
weeks’ period of the test. The rats receiving 2.5 y each of the natural 
and the synthetic vitamin B, grew at a somewhat more rapid rate but 
within 12 weeks their weight had plateaued, although no symptoms 
of dermatitis were evidenced macroscopically. The animals in these 
groups were sacrificed at this point. A histological examination of 
their tissues revealed no evidence of Bg deficiency. The groups re- 
ceiving 5 micrograms each of natural and synthetic vitamin grew 
more rapidly and were still gaining weight when the experiment was 
terminated. The rats receiving 10 micrograms, 12.5 micrograms 
and 25 micrograms of synthetic B, respectively grew at practically 
normal rates and there was no significant difference in growth rate 
among these 3 groups. 

The close parallel in the rate of growth of the rats receiving 2.5 y 
each of natural and synthetic By and in the groups receiving 5 y each 
of the natural and synthetic B, is further evidence as to the biological 
identity of these two forms of the vitamin. It is also apparent that 
doses greater than 10 micrograms B, per rat per day have no signifi- 
cant effect on the rate of growth. This latter observation confirms 
the findings of Dimick and Schreffler** who worked with the natural 
vitamin B, from rice polishings. 

Summary. 1, Rat curative tests and rat prophylactic tests show 
that natural and synthetic B, are identical in their physiological action. 
2. A single dose of 50 micrograms of either natural or synthetic Bs 
is sufficient to cure severe symptoms of vitamin B, deficiency in 
70-80% of the test animals within 14 days. 3. Ten micrograms of 
vitamin B, per rat per day is sufficient to produce practically normal 
growth. 


We wish to acknowledge the technical assistance of Miss Josephine 
Dawson, Miss Evelyn Ruddy and Miss Saramae Woodford. 


10 Lepkovsky, S., Jukes, T. H., and Krause, M. E., J. Biol. Chem., 1936, 115, 557. 
11 Dimick, M. K., and Schreffler, C. B., J. Nutrition, 1939, 17, 23. 
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Toxicity of Vitamin B,. 


KxLAus UNNA AND WILLIAM ANTOPOL. 
From the Merck Institute of Therapeutic Research, Rahway, N. J. 


The existence of vitamin Be, the rat acrodynia factor was first 
established by Gydrgy.t The compound has since been isolated*® 
and synthesized.** Sufficient amounts of the synthetic vitamin, 
2-methyl-3-hydroxy-4,5-dihydroxymethylpyridine, are now available 
for the study of the effect of large doses in animals. 

The following investigation of the toxicity of the synthetic vitamin 
B, has been carried out on rats, dogs, and monkeys. All animals 
were maintained on completely adequate diets with the exception of 
one series of rats which was kept on a modified Sherman-Spohn diet 
supplemented with 40 micrograms of thiamin and of riboflavin per 
rat per day. This group developed typical symptoms of rat acrodynia. 

The vitamin was administered both as the base and as the hydro- 
chloride. The solutions of the base are neutral in reaction; those of 
the hydrochloride react acid, the pH of a 20% solution being 2.3. 

Acute toxicity following oral and subcutaneous administration was 
studied in rats, 10 animals being used for each dose level. Doses up 
to 1 g per kg were tolerated without untoward effects. Higher 
doses produced rather peculiar toxic symptoms. Twenty-four hours 
after dosing, the rats showed tonic convulsions, the hind limbs 
stretched away from the body, the fore limb bent under the body 
and the paws closed. Between convulsive attacks the animals were 
able to move slowly and awkwardly and showed marked impairment 
of the righting reflexes. Animals receiving sublethal doses exhibited 
these convulsive reactions over a period extending from several days 
to as much as 3 weeks. With lethal doses the animals died in 
tonic convulsions within 36 to 72 hours. The L.D. 50* following 
subcutaneous injection was 3.1 g per kg for the free base and 3.7 g 

1 Gyorgy, P., Biochem. J., 1935, 29, 760. 

2 Gyorgy, P., J. Am. Chem. Soc., 1938, 60, 983. 

3 Keresztesy, J. C., and Stevens, J. R., Proc. Soc. Exp. Bio. AND Mrp., 1938 
38, 64. 

4 Kuhn, R., and Wendt, G., Ber., 1938, 71, 780. 

5 Lepkovsky, S., Science, 1938, 87, 168. 

6 Harris, S. A., and Folkers, K., Science, 1939, 89, 347. 

7 Kuhn, R., Wendt, G., Westphahl and Westphahl, K., Naturwissenschaften, 
1939, 27, 469. 

*L.D. (lethal dose) 50 is the dose which is fatal to 50% of the animals. 
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per kg for the hydrochloride. This difference of 16% in toxicity is 
in good agreement with the difference of 18% in the molecular 
weights of the respective compounds. The L.D. 50 following oral 
administration was approximately 4 g per kg for the base and 6 g per 
kg for the hydrochloride. Autopsies of animals exhibiting various 
degrees of toxic manifestations failed to show pathologic changes on 
gross examination except for enlargement of the adrenals with 
occasional massive hemorrhages particularly in the cortex. Histo- 
logical studies are in progress. 

Three-week-old rats in groups of 15 were fed orally 0.25, 1.0, 
and 2.5 mg of B, hydrochloride daily over a period of 87 days. The 
animals developed normally and their weights increased at the same 
rate as that of the normal control group. Autopsies at the end of the 
87-day feeding period showed no gross or microscopic changes in the 
organs. A group of 6 animals, 3 males and 3 females, were kept to 
maturity on a daily dose of 2.5 mg of the hydrochloride. Two lit- 
ters, one of 5 and the other of 8, averaging 5 g birth weight, were 
obtained. 

In dog studies 20 mg of B, per kg body weight was given orally to 
3 litter mate puppies over a period of 75 days. Their weight increase 
was normal and did not differ from that of a control dog from the 
same litter. Hemoglobin, erythrocyte, leukocyte, and differential 
blood counts were taken at regular intervals and did not show any 
significant changes. Histological examination after 75 days re- 
vealed no pathological changes. 

Monkeys of 2.5 and 4 kg body weight were fed or injected daily 
with 10 mg per kg B, hydrochloride. Unfortunately, most of the 
animals succumbed to tuberculosis during the test period. One 
monkey was dosed orally for 39 days, another subcutaneously for 
106 days without showing any toxic symptoms. Hemoglobin and 
blood cell counts as well as the differential picture of the sternal bone 
marrow obtained by puncture did not fluctuate more than in a control 
monkey during the same period. 

Eight rats in severe stages of vitamin Bg deficiency, weighing be- 
tween 40 and 50 g, were given 9 mg of By hydrochloride orally on 
two consecutive days. This dose is far in excess of the minimum 
curative dose of 50 micrograms.* Prompt cures were effected, and no 
toxic symptoms were observed. 


t We are grateful to Dr. Lester Goldman for these data which will be presented 


in full in another communication. 
8 Reedman, E. J., Sampson, W. L., and Unna, K., Proc. Soc. Exp. BIOL. AND 


Mep., 1940, 48, 112. 
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The results of these studies characterize vitamin B, as a substance 
of very low toxicity corresponding with the low toxicity found for 
other members of the vitamin B complex, thiamin,’ riboflavin,” 
and nicotinic acid." Excessively large doses (3.0 g per kg) of 
vitamin By produced convulsions and death. 

The difference in subcutaneous and oral toxicity, as shown by 
the L.D. 50, is small and suggests a rapid and complete absorption 
from the intestinal tract. 

Prolonged feeding of sublethal doses failed to produce toxic 
symptoms, thus indicating that excessive doses of vitamin Bg are 
either rapidly excreted or destroyed. Studies on this problem are 
now in progress. 


We wish to acknowledge the technical assistance of Mr. Joseph 
Greslin. 
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Urinary Excretion of Vitamin B, in the Rat. 


Joun V. Scup1, Harotp F. Koonres AND JOHN C. KERESZTESY. 
(Introduced by H. Molitor.) 


From the Merck Institute of Therapeutic Research and Research Laboratories of 
Merck §& Co., Inc., Rahway, N. J. 


Following the isolation,* identification,’ and synthesis® of vitamin 
Be, as reported from these laboratories, the urinary excretion of the 
vitamin has been studied in the rat. 

Recently, Kuhn and Low‘ reported on the use of the Folin-Denis 
reagent for the colorimetric determination of the vitamin in aqueous 
solutions. Stiller, Keresztesy and Stevens’ observed that the vitamin 
gave a positive Gibbs reaction.” This reaction has been modified and 


9 Molitor, H., and Sampson, W. L., HE. Merck’s Jahresber., 1936, 50, 51. 
10 Kuhn, R., Klin. Wehnschr., 1938, 17, 222. 
11 Unna, K., J. Pharm. and Exp. Therap., 1939, 65, 95. 
1 Keresztesy, J. C., and Stevens, J. R., Proc. Soc. Exp. Bion. AND Mep., 1938, 
38, 64. 
2 Stiller, E. T., Keresztesy, J. C., and Stevens, J. R., J. Am. Chem. Soc., 1939, 
61, 1237; Harris, S. A., and Folkers, K., J. Am. Chem. Soc., 1939, 61, 1242. 
3 Harris, S. A., and Folkers, K., J. Am. Chem. Soc., 1939, 61, 1245. 
4 Kuhn, R., and Low, I., Ber., 1939, 72, 1453. 
5 Gibbs, H. D., J. Biol. Chem., 1927, 72, 649. 
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applied to the estimation of the vitamin in urine. A more detailed 
study of this method will be presented in the near future. 

Two groups of rats were used for this investigation. One group 
was kept on a complete diet, the other on a diet deficient in vitamin 
B,. All rats were maintained on these initial diets throughout the 
test period. Urine collected over the 5- to 24-hour period following 
the oral administration of 5 cc of water per 100 g body weight was 
used for control purposes. The rats were then dosed with the vita- 
min, accompanied by 5 cc of water per 100 g body weight, by various 
routes. 

Urine was collected over specified periods of time. Care was 
exercised to prevent feces from remaining in contact with urine, 
since this was found to introduce interfering substances. Cages 
were washed into the collecting flasks to prevent urine losses, and the 
approximate dilution was noted. The urine samples were made 
strongly alkaline to thymol blue (pH above 9.6) with 30% NaOH, 
the volume was measured, and the sample was allowed to stand over 
night. This treatment suffices to destroy interfering reducing sub- 
stances. 

The following day 1 cc samples of the urine were neutralized to pH 
7 to 7.5 and the volume was adjusted to 25, 50 or 100 cc as neces- 
sary. The adjustment of pH is of paramount importance. This is 
achieved by using brom thymol blue which gives a distinctive green 
color over the required pH range. The indicator was used ex- 
ternally (spot plate). 

The calibration curve for the instrument was established with 
aqueous solutions of the vitamin at concentrations of 2 to 10 y per cc. 
Urine samples were diluted to fall within this range. No interfering 
substances were observed when it was possible to dilute the urine 
samples from 1 to 50 or above. When low vitamin concentrations 
required a 1 to 25 dilution, occasionally interfering substances were 
present. These were usually negligible, although they became sig- 
nificant at lower dilutions. This phase of the problem is being in- 
vestigated further. 

Under these conditions 100% recoveries were obtained when the 
vitamin was added to urine. 

Method. To 5 cc of the adjusted and diluted urine, 5 cc of the 
veronal buffer* and 20 cc of the butanol solution of the chlorimide 
reagentf were added. 
~~ * This was prepared by dissolving 18 g of sodium diethylbarbiturate (Merck) 
in 700 ce of distilled water and titrating to pH 7.6 with dilute hydrochloric acid, 
using the glass electrode. The solution was filtered from the precipitated barbiturie 
acid and the pH was checked from time to time. 
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The tubes were briefly, but vigorously shaken, and after 5 minutes 
they were shaken again. After an additional 10 minutes the two 
layers were separated by centrifuging. The supernatant butanol 
layer was pipetted into 10 cc of fresh veronal solution. After shak- 
ing out extraneous colored substancest the two layers were separated 
by centrifugation, and the washing process was repeated. This treat- 
ment required less than 10 minutes. Fifteen cc of the washed butanol 
layer was then pipetted into a colorimeter tube which contained 5 cc 
of absolute ethyl alcohol, the contents were thoroughly mixed and 
the colors were read 40 minutes after the addition of the reagent. 
The colorimeter was adjusted to 100% transmission for pure butanol 
using a No. 660 filter. Solutions of the vitamin indophenol showed 
an absorption peak at 6600 A. The color was found to be stable 
between 40 and 60 minutes after the addition of the reagent to the 
test solution. 

Experimental. A series of experiments were designed to measure 
the total output following different modes of administration of a 
constant dose of 10 mg of the vitamin. Normal rats, weighing 175 
to 225 g each, were placed in cages in groups of 3 or 4. Each rat was 
given 10 cc of water and 10 mg of vitamin B, and this dose was 
maintained daily throughout the test period of 2 weeks to insure 
maximum saturation of the animal. Twenty-four-hour samples of 
urine were analyzed, although excretion was complete in considerably 
less time. 

Twelve rats given the vitamin intravenously (femoral vein) 
showed an average output of 56% (+8, maximum deviation, 12%). 
When administered intraperitoneally, 36 rats excreted 50% (+8, 
maximum deviation 14%) of the vitamin, and 48 rats put out 59% 
(+11, maximum deviation 24%) after oral administration of the 
vitamin. 

The recoveries were essentially the same on the first and last days 
of the test. The amounts of the vitamin recovered were the same 
regardless of the mode of administration, thus suggesting complete 

+ 2,6-Dichloroquinone chlorimide (Eastman No. 2483). 100 mg were dissolved 
in 1600 ce of acid-free butanol and stored cold in a brown, glass-stoppered bottle. 
Portions withdrawn daily were allowed to warm to room temperature before use. 
Under these conditions the reagent is stable for at least 2 weeks. Although excel- 
lent results were obtained with the Bausch and Lomb spectrophotometer, it was 
thought desirable to standardize the present method for the Evelyn colorimeter. 
Control tests in the absence of vitamin gave 14 to 16% absorption. Solutions of 
the reagent which gave control readings of 20% or more were discarded. 


¢ These are negligible in dilute rat urine, but are significant in other samples. 
These will be considered in a forthcoming communication. 
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absorption of the vitamin. The total average recovery of the vita- 
min or metabolites retaining the beta-hydroxypyridine free para 
position structure was 57%. The fate of the remainder has not been 
established, although the darkening of these urines in contrast to the 
stable color of the controls is significant. 

A second series of 22 rats, of equal weight, were given 10 cc of 
water containing 1.0 mg of the vitamin orally. The average output 
of 67% (+7, maximum deviation 15%) is approximately equal to 
that obtained at the higher level. 

The average output of the vitamin 5 hours after the oral admin- 
istration of 36 mg of crystalline B, in 10 cc of water to each of 8 rats 
was of the same order of magnitude (71%) as that found in the 
24-hour samples mentioned above. Thus it appears that the vitamin 
is rapidly excreted. 

A group of 24 rats weighing 40 to 50 g each, was maintained on a 
modified Sherman-Spohn diet. When these animals showed the 
characteristic lesions of acrodynia, they were placed in groups of 4 
for a series of 3 experiments. Eight rats were given 3 cc of water 
orally and 2 hours later they were given 9 mg of the vitamin in 3 cc 
of water orally. The urine, collected over a 5-hour period, showed a 
54% recovery. This experiment repeated with the same animals the 
following day gave a 71% recovery. Thus, at high dose levels 
deficient and normal rats excrete essentially the same percentage of 
administered vitamin. 

This experiment was repeated with a second group of 8 B.-deficient 
rats, reducing the dose to 0.5 mg of the vitamin. The recovery was 
65% on the first day, and 58% on the second day. 

To establish differences in the output of normal and deficient rats, 
the remaining 8 rats were used in the same manner, except that the 
dose was reduced to 0.1 mg. A control group of normal rats weigh- 
ing 40 to 50 g were similarly treated. Since it was not possible to 
dilute the urine samples sufficiently to eliminate the influence of in- 
terfering substances, quantitative data are not presented here. How- 
ever, the normal rats excreted more of the vitamin than the deficient 
rats. 

At this dose level (2 mg per kg body weight) a differentiation of 
normal and deficient urinary output should be possible in larger ani- 
mals. Studies in the dog and human subjects are being continued 
along these lines. 

Thanks are due to Dr. Klaus Unna for the Be-deficient animals. 
The assistance of Mr. Albert Schnerring is greatly appreciated. 

Summary. <A colorimetric method for the determination of vita- 
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min B, has been used to study the urinary excretion of the vitamin 
inthe rat. At high dose levels (10 mg per kg and above) 50 to 70% 
of the vitamin is excreted by both normal and deficient rats. The 
vitamin is rapidly and completely absorbed and is rapidly excreted. 
At low levels (2 mg per kg) the data are qualitative, but normal rats 
appear to excrete a higher percentage of the ingested vitamin than 
B,-deficient rats. 
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Antidermatitic Effect of Vitamin B, Analogues. 


Kraus Unna. (Introduced by H. Molitor.) 
From the Merck Institute of Therapeutic Research, Rahway, N. J. 


The following report presents data on the vitamin activity of 10 
pyridine compounds closely related to vitamin B, These substances 
were synthesized in the Research Laboratories of Merck & Co., Inc., 
in connection with studies on crystalline vitamin Be. 

The vitamin B, activity of these compounds was determined by the 
single dose curative assay on rats, first proposed by Moll.* In this 
procedure 21-day-old rats were placed on a synthetic diet consisting 
of cornstarch 68%, casein 18%, Crisco 8%, salt mixture No. 1 
(U.S.P. XI) 4%, cod liver oil 2%, and supplemented with 40 micro- 
grams each of thiamin chloride and riboflavin per rat per day. After 
30 days on this diet, the animals reached stationary weights and the 
first symptoms of dermatitis appeared. Within 7 to 10 weeks, der- 
matitis was fully developed in 35% of the animals. By this pro- 
cedure it has been shown’ that a single dose of 100 micrograms of 
vitamin B, cures 100% of the deficient animals within 14 days, and 
that a dose of 50 micrograms produces complete cures in 75% of the 
animals. Lower doses fail to produce complete cures, but signs of 
partial healing were obtained regularly with 25 micrograms and in 
some instances with a single dose of 15 micrograms. 

In the present study 5 to 6 depleted animals were used for each dose 
level. Their weight and symptoms were recorded over a period of 14 
days. The results obtained with the different pyridine derivatives, as 


1 Moll, Th., and Schnittspahn, M., #. Merck’s Jahresberichte, 1938, 52, 10. 
2 Reedman, HE. J., Sampson, W. L., and Unna, K., Proc. Soc. Exp. Bion. AND 
Mep., 1940, 43, 112. 
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: TABLE I. 
Antidermatitic Effect of Vitamin Bg Derivatives. 
—e 
Doses in mg 


aa aN 
0.25 0.5 1.0 2.0 2.5 


2 
i=) 
On 
i=) 
poh 


CH.OH 
Cc 


4 
OH CG CCH,OH 
H3C L bes 
ee 


2-methyl-3-hydroxy-4,5-bis 
(hydroxymethyl) -pyridine, 
Vitamin Beg _ — 
Derivatives of 2-methyl-pyridine: 
I 3-hydroxy-4,5-bis (acetoxy- 
methyl) + + 
IT 3-acetoxy-4,5-bis (acetoxy- 
methyl)3 aa oe 
III 3-methoxy-4,5-bis (hydroxy- 
methyl) 4,5 0 
IV 3-hydroxy-4-methoxymethyl-5- re a 
hydroxymethyl (+) (4) + 
V_ 3-hydroxy-4-ethoxymethyl-5- 
hydroxymethyl6 (+) (4) + 
VI 3-hydroxy-4,5-(epoxydimethyl)7 0 0 0 
VII 3-hydroxy-4-methyl-5-hydroxy- 
methyl8 
VIII 3-hydroxy-4,5-dimethyl 
IX 3-aminoHCl-4-hydroxymethyl-5- 
aminomethylHCl7 0 0 
X 3-aminoHCl-4-ethoxymethyl-5- 
aminomethylHCl7 0 0 


Oo 
So 


+ Complete cure of at least 75% of the animals within 14 days. 
(+) Partial cure accompanied by some gain in weight. 
0 No curative effect and no gain in weight. 
compared with the crystalline synthetic vitamin, are recorded in 
Table I. 

The di- and triacetyl compounds (I, I1) were found equally potent 
and of the same activity as the vitamin when equimolicular amounts 
were fed. The activity of these acetyl derivatives may be explained 
on the basis of liberation of the free vitamin by hydrolysis. 

Methylation of the phenolic hydroxyl group of vitamin B, (III) 
decreased the activity to 2% of that of the vitamin. When one of 


3 Kuhn, R., and Wendt, G., Ber., 1938, 71, 780. 

4 Stiller, E. T., Keresztesy, J. C., and Stevens, J. R., J. Chem. Soc., 1939, 61, 
1237. 

5 Kuhn, R., and Wendt, G., Ber., 1938, 71, 1534. 

6 Harris, S. A., and Folkers, K., J. Am. Chem. Soc., 1939, 61, 1245. 

7 Harris S. A., and Folkers, K., J. Am. Chem. Soc., 1939, 61, 3307. 

8 Harris, S. A., and Folkers, K., J. Am. Chem. Soc., 1939, 61, 1242. 
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the 2 hydroxymethyl groups was methylated (IV), a similar but less 
appreciable loss of activity was found. No difference in potency 
was observed between the methyl ether (IV) and the ethyl ether of 
the vitamin (V), but further reduction in activity resulted from the 
formation of an inner ether between the two hydroxyl groups in 
the 4 and 5 positions (VI). A derivative of VI, the lactone of 2- 
methyl-3-hydroxy-4-hydroxymethyl-5-carboxy pyridine,* has been 
tested in this laboratory and found to be inactive at a dose level of 
1 milligram. 

When either one (VIL) or both hydroxymethyl groups (VIII) 
were replaced by a methyl group, no activity could be found at 2.5 mg. 
However, compound VII has been reported® to promote bacterial 
growth at a concentration 50 times higher than that of the vitamin, 
but to be inactive in deficient rats at a dose of 1 mg. 

Introduction of amino groups.in positions 3 and 5 (IX, X) resulted 
in inactive compounds. 

Appreciation is expressed to Dr. S. A. Harris for furnishing the 
pyridine derivatives and to Miss J. Dawson for valuable technical 
assistance. 

Summary. Acetylation does not diminish the antidermatitic effect 
of vitamin B,. Methylation or ethylation of one of the hydroxy- 
methyl groups diminishes the vitamin activity considerably but less 
than the methylation of the phenolic hydroxyl group. Replacement 
of one or more hydroxymethyl groups by methyl or amino groups 
destroys the vitamin activity. 


9 Moller, Zima, Jung and Moll, Naturwissenschaften, 1939, 27, 288. 
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Oral and Parenteral Toxicity of Vitamin K,, Phthiocol and 
2 Methyl 1, 4, Naphthoquinone. 


Hans Mo.itor anp Harry J. RoBINson. 
From the Merck Institute of Therapeutic Research, Rahway, N. J. 


The antihemorrhagic activity of vitamin K, and its homologues 
has been studied by numerous investigators in animals’ as well as in 
patients,*”~* but no systematic investigation of the comparative tox- 
icity of these compounds has as yet been published. Such a study 
would appear to be particularly indicated in view of the increasing 
clinical use of some of these compounds. 


1 Klose, A. A., Almquist, H. J., and Mecchi, E., J. Biol. Chem., 1938, 125, 681. 
2 Dam, H., and Glavind, J., Nature, 1938, 142, 1077. 
3 Murphy, R., Science, 1938, 89, 203. 
4 Greaves, J. D., Am. J. Physiol., 1939, 125, 429. 
5 Thayer, S. A., McKee, R. W., Binkley, S. B., MacCorquodale, D. W., and Doisy, 
E. A., Proc. Soc. Exp. Bion. AND MED., 1939, 40, 478. 
6 Ansbacher, S., J. Nutrition, 1939, 17, 303. 
7 Almquist, H. J., and Klose, A. A., J. Am. Chem. Soc., 1939, 61, 1611. 
8 Cheney, G., J. Lab. Clin. Med., 1939, 24, 919. 
9 Thayer, S. A., McKee, R. W., Binkley, S. B., MacCorquodale, D. W., and Doisy, 
EK. A., Proc. Soc. Exp. Bron. AnD Mep., 1939, 41, 194. 
10 Almquist, H. J., and Klose, A. A., J. Am. Chem. Soc., 1939, 61, 1923. 
11 Dam, H., and Glavind, J., Z. Vitaminforsch., 1939, 9, 71. 
12 Butt, H. R., Snell, A. M., and Osterberg, A. E., Proc. Staff Meetings Mayo 
Clinic, 1939, 14, 497. 
13 Fernholz, E., Ansbacher, S., Science, 1939, 90, 215. 
14 Tishler, M., and Sampson, W. L., J. Am. Chem. Soc., 1939, 61, 2563. 
15 Snell, A. M., Butt, H. R., and Osterberg, A. E., Am. J. Digestive Diseases, 
1938, 5, 590. 
16 Butt, H. R., Snell, A. M., and Osterberg, A. E., Proc. Staff Meetings Mayo 
Clinic, 1938, 13, 753. 
17 Dam, H., and Glayind, J., Int. Med. Dig., 1939, 34, 17. 
18 Rhoads, J. E., Surgery, 1939, 5, 795. 
19 Tllingworth, C. F. W., Lancet, 1939, 236, 1031. 
20 Scanlon, C. H., Brinkhous, K. M., Warner, E. D., Smith, H. P., and Flynn, 
J. E., J. Am. Med. Assn., 1939, 112, 1898. 
21 Waddell, W. W., Jr., and Guerry, D., J. Am. Med. Assn., 1939, 112, 2259. 
22Tyy, A. C., and Gray, J. S., Surg. Gynecol. Obstet. (Internat. Abst. Surg.), 


1939, 69, 1. 
23 Zuckerman, I. C., Kogut, B., Jacobi, M., and Cohen, J. Y., Am. J. Dig. Dis- 


eases, 1939, 6, 332. 
24 Townsend, 8. R., and Mills, E. S., Can. Med. Assn. J., 1939, 41, 111. 
25 Olson, K. B., and Menzel, H., Surgery, 1939, 6, 207. 
26 Koller, F., and Wuhrmann, F., Klin. Wehnschr., 1939, 18, 1058. 
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Acute Toxicity Studies. White mice, weighing approximately 
18 to 20 g and 19-day-old chicks, weighing approximately 75 g, were 
used in these experiments. The compounds being practically in- 
soluble in water, were suspended in peanut oil or sesame oil and 
administered orally through a blunt metal cannula to a series of 300 
mice. Toa second series of 240 mice and 100 chicks the drugs were 
given intraperitoneally in a suspension of sesame oil in order to 
favor a more complete absorption. In all experiments the amount of 
solvent given was limited to 0.25 cc of oil per 20 g animal body weight 
by adjusting the concentration of the suspension. In control experi- 
ments, the effect of the solvent was studied by administering peanut 
and sesame oil in amounts of 0.5 and 1 cc per 20 g animal body 
weight. Observations were made frequently during the first 5 hours 
and then once daily for 3 consecutive days. 

The results of these experiments are shown in Charts 1 and 2. 
From these data it can be seen that synthetic vitamin K, is consid- 
crably less toxic than Phthiocol or 2-methyl-1,4-naphthoquinone 
when given orally or intraperitoneally. With lethal doses of 
Phthiocol or 2-methyl-1,4-naphthoquinone mice died usually within 
the first 5 hours, a few late deaths occurring on the second and third 
day. In contrast to this, no toxic symptoms were observed with 
vitamin K, in doses up to 25 g per kilo even over a 10-day observa- 
tion period. However, in view of the fact that mice and chicks in- 
jected intraperitoneally with vitamin K, and sacrificed after 10 days, 
still had considerable amounts of the oily suspension in the abdominal 
cavity, the question must be raised, whether the apparent lack of tox- 


icity of vitamin K, is not at least in part due to an extremely slow 
rate of absorption. 


CHART I. 
Acute Oral Toxicity of 2-methyl-1,4-naphthoquinone, Phthiocol and Vitamin K, 

in Mice. 

Dose, 2-methyl-1,4-naphtho- 

g/kg quinone Phthiocol Vitamin K 

————__ % mortality —————___,, 

0.100 0 

0.200 0 20 

0.300 — 70 

0.400 35 80 

0.600 50 100 

0.800 95 — 

1.000 100 — 

1.200 100 — 

1.500 

15.00 0 

20.00 0 

25.00 0 


Total of 300 animals; 20 mice per dose level. 
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, CHART II. 
Intraperitoneal Toxicity of 2-methyl-1,4-naphthoquinone, Phthiocol and Vitamin 

1 in Mice. 

Dose, 2-methyl-1,4-naphtho- 

g/kg quinone Phthiocol Vitamin Ky, 

oe mie: % mortality ~ 

0.075 50 0 

0.100 90 0 

0.150 95 30 

0.200 100 100 

0.250 100 100 

0.350 

0.600 

1.000 

15.00 0 

20.00 0 

25.00 0 


Total 240 animals, 20 mice per dose level. 


Intraperitoneal Toxicity of 2-methyl-1,4-naphthoquinone, Phthiocol and Vitamin 
K, in Chicks. 


Dose, 2-methyl-1,4-naphtho- 
g/kg quinone Phthiocol Vitamin K, 
————_ % mortality ——————_-_, 
0.10 70 50 
0.15 90 90 
0.25 100 100 
0.50 100 100 
1.00 
25.00 0 


Total 100 chicks; 10 chicks per dose level on 2-methyl-1,4-naphthoquinone and 
Phthiocol and 20 chicks on vitamin Ky. 

Chronic Toxicity. The effects of daily oral administration of 
vitamin K,, Phthiocol and 2-methyl-1,4-naphthoquinone were studied 
in 90 young rats by feeding varying amounts of these compounds 
over a period of 30 consecutive days. The drugs were suspended in 
10% gum acacia and doses of 0.1 and 0.35 g per kg of Phthiocol; 
0.25, 0.35 and 0.5 g per kg of 2-methyl-1,4-naphthoquinone; and 
0.35 and 2 g per kg of vitamin K, were administered by stomach tube. 
Gum acacia was employed in these experiments for the preparation 
of the suspension in order to avoid the cathartic effect likely to result 
from prolonged administration of oil. The weight of the animals 
was recorded daily and the blood picture taken in weekly intervals. 

There was no significant effect upon the growth curve with any 
of these compounds. Rats on doses of 0.1 g per kg of Phthiocol, 0.35 
g per kg of 2-methyl-1,4-naphthoquinone and 2 g per kg of vitamin 
K, appeared to remain normal whereas doses of 0.35 g per kg of 
Phthiocol and 0.5 g per kg of 2-methyl-1,4-naphthoquinone were 
lethal. Most of the animals fed toxic doses of Phthiocol died during 
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the first few days of the experiment while the animals fed 2-methyl- 
1,4-naphthoquinone died on various days over the 30-day feeding 
period. A marked fall of the erythrocyte count and hemoglobin was 
observed in rats fed doses of 0.1 g per kg of Phthiocol, and 0.35 g¢ 
per kg of 2-methyl-1,4-naphthoquinone while vitamin K, failed to 
produce such an effect. 

Grateful acknowledgment is made to Mr. O. Graessle and Mr. J. 
Mayner for valuable technical assistance. 

Summary. The acute and chronic toxicity of Phthiocol, 2-methyl- 
1,4-naphthoquinone and vitamin K, was studied in mice, rats, and 
chicks. The oral L.D. 50 in mice was found to be approximately 
0.2 g per kg for Phthiocol and 0.5 g per kg for 2-methyl-1,4-naphtho- 
quinone; no letha! effect could be produced by doses up to 25 g per 
kg of vitamin K,. In the chronic experiments in rats, daily feeding 
over a period of 30 consecutive days of 0.35 g per kg of Phthiocol, 
and 0.5 g per kg of 2-methyl-1,4-naphthoquinone was toxic; doses 
of 0.1 g per kg of Phthiocol and 0.35 g per kg of 2-methyl-1,4- 
naphthoquinone produced a marked fall of the erythrocyte count and 
hemoglobin. No such effects were observed following vitamin K, 
administration. In the abdominal cavity of animals sacrificed 10 
days after an intraperitoneal injection of vitamin K, considerable 
amounts of an oily suspension could be observed, indicating an ex- 
tremely slow rate of absorption of vitamin K,. 
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Effects of Culture Filtrates and Old Medium on Growth of the 
Ciliate, Colpidium campylum. 


R. P. Hatt anp J. B. LorFEer. (Introduced by H. W. Stunkard.) 


From the Biological Laboratories, New York University and Berea College. 


Effects of protozoan metabolic products on growth of homologous 
species have been investigated by several workers. One view, based 
originally upon Woodruft’s* findings, predicates that waste products 
of a given species exert an inhibitory effect on growth of that species, 
The opposite view is represented by Dimitrowa’s? conclusion that 
growth of Paramecium caudatum is accelerated by small amounts of 
old culture fluid added to fresh cultures. Johnson and Hardin® 


1 Woodruff, L. L., J. Exp. Zool., 1911, 10, 557. 
2 Dimitrowa, A., Zool. Anz., 1932, 100, 127. 
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have observed no significant effects of old culture fluid on growth of 
P. multimicronucleata. Mast and Pace,* however, have reported that 
old culture fluid in high concentration inhibits, whereas, in low con- 
centration, it accelerates growth of Chilomonas paramecium.  Pre- 
liminary observations, reported by Hall and Loefer,’ indicated that 
growth of Colpidium campylum in bacteria-free cultures is signifi- 
cantly accelerated by the addition of old culture filtrates to a peptone 
medium. Kidder® has recently confirmed this accelerating effect of 
old culture fluid on growth of C. campylum, and has attributed it to 
a “biological conditioning”’ of the medium. 

In further study of this problem, the acceleration of growth by 
old culture filtrates has been compared with the effects produced by 
aged sterile medium added to fresh peptone solution. The results 


obtained in 8 experimental series are described graphically in Figs. 
1 and 2. 


30 thousands per cc 


ine) 


hours of mmecubation 


Wie. 1. 


4 Mast, S. O., and Pace, D. M., Physiol. Zool., 1938, 11, 359. 
5 Hall, R. P., and Loefer, J. B., Anat. Rec., 1938, 72, 50 (abstract). 
6 Kidder, G. W., Science, 1939, 90, 405 (abstract). 


130 EFFECTS OF OLD CULTURE MEDIUM 


THOUSANDS PER CC 


SER Vit o————=—==0: 


; 
' 
‘ 

: * 
: ss, SER. VI =-—-——o 
pis : PAs SER. Ille-——= 
: ‘\ SERVIls=-e-=- > 
i 2 UK ~ a SERN IV ew eee ES 
; WSs \ eee ScAnVie=———« 

aa WS me , 


30 


20 


20 2 


10 1S 
DAYS OF INCUBATION 


Fi4. 2. 


The following basic medium was used in all 8 series : casein-pep- 
tone (Difco “tryptone’), 10.0.¢; KH.2POs, 2.0 g; glass-distilled 
water, 1.0 liter. However, 2 samples of tryptone were tested, one in 
Series I and II and the other in Series III-VIII. As indicated 
specifically for different series, old culture filtrate, filtered fresh 
mediuin, or filtered aged medium (uninoculated) was added to tubes 
containing fresh unfiltered peptone medium. In each case, Whatman 
No, 12 paper was used in filtration. All tubes were sterilized in the 
autoclave for 20 minutes at 122°C before inoculation. After inocula- 
tion, several tubes were set aside for determination of initial count 

(number of ciliates per cc), one tube in each series was used for initial 
pH readings, and the remainder were incubated as described below. 
Counts were made from 4 tube cultures fixed at each of the intervals 
indicated in Figs. 1 and 2. Our method of counting has been de- 
scribed elsewhere.’ Final pH readings were taken at the end of 
incubation by means of a LaMotte roulette comparator. 

Series I and II. In Series I, each tube contained 8.0 cc of fresh 
unfiltered medium and 2.0 cc of a filtrate from pooled cultures with 


7 Hall, R. P., Johnson, D. F., and Loefer, J. B., Trans. Am. Micr. Soc., 1935, 


5A, 298. 
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an average age of about 7 weeks. In Series II each tube contained 
10.0 cc of unfiltered fresh medium from the same source as Series I. 
After sterilization, the tubes in both series received 1.0 cc inocula 
from the same 48-hour stock culture of C. campylum in peptone me- 
dium. Initial count (67 ciliates per cc), initial pH (6.1) and final 
pH (6.3) were the same in the two series. In both cases, cultures 
were incubated in darkness at room temperature. 

During the first 74 hours of incubation the increase in population 
(Fig. 1) was somewhat more rapid in Series I. Thereafter, the 
differences were progressively greater until, at the end of 144 hours, 
the population in Series I had reached 29,353 per cc, while that in 
Series IT was only 1,327. These results indicate that addition of old 
culture filtrate to fresh medium, in a dilution of 1:5, definitely accel- 
erates growth of C. campylum during the first 6 days of incubation. 
However, these two series were not carried long enough to determine 
any possible difference in maximal density of population. Further- 
more, none of the medium in Series II had been passed through filter 
paper, and it was necessary to consider this factor in later series. 

Series III-V differed in the following respects. In Series III the 
tubes contained 9.0 cc of fresh unfiltered medium and 1.0 cc of a 
3-month-old culture filtrate ; in Series IV, 9.0 cc of fresh medium and 
1.0 ce of filtered, 3-month-old uninoculated medium; in the control 
(Series V), 9.0 cc of fresh medium (unfiltered) and 1.0 ce of fil- 
tered fresh medium. In all 3 series the tubes received 0.5 cc inocula 
from the same 48-hour flask culture of C. campylum, and the initial 
pH (6.3) and initial count (1219 per cc) were the same in the 3 
cases. Final pH ranged from 6.9 in the controls to 7.1 in the other 
series. All cultures were incubated in darkness at room temperature, 
and counts were made at the intervals indicated. 

The population curves (Fig. 2) show that, after the second day, 
growth was much more rapid in Series ITI and IV than in the control. 
In Series V, a rather low maximal density of population was reached 
about the fourteenth day, while in Series III and IV much higher 
maxima were reached in 18 days. Hence, it is obvious that both old 
culture filtrate and aged sterile medium accelerated growth of C. 
campylum and increased the density of population. 

In Series VI-VIII, all tubes contained 5.0 cc of unfiltered fresh 
medium. In addition, the tubes in Series VI received 5.0 cc of a 
3-month-old culture filtrate; those in Series VII, 5.0 cc of filtered 
uninoculated medium of the same age; the tubes of Series VIII 
(control), 5.0 cc of filtered fresh medium. Initial pH, inoculum, 
initial count and conditions of incubation were the same as in Series 
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ILI-V, with the exception that initial pH in Series VI was 6.5 instead 
of 6.3. The results are similar to those obtained in Series HI-V, 
although growth was more rapid and maximal densities of population 
were higher in VI and VII than in Series III and IV. In addition, 
maxima were reached in 5-6 days, instead of 18 as in Series III and 
IV. Growth in the control (Series VIII) was similar to that in 
Series V. In fact, the apparent differences between the 2 controls 
are not statistically significant in most cases and are of doubtful sig- 
nificance in others. These data suggest that passage of fresh medium 
through filter paper added little or nothing of value to the ciliates, 
since the effects produced by 1.0 cc and 5.0 cc volumes are practically 
the same. A comparison of Series II, containing unfiltered medium 
only, with the other controls is not altogether valid, since initial counts 
were different and different samples of peptone were used in the 2 
cases. While growth of the ciliates in Series I] represents an in- 
crease of approximately 20 times at the end of 6 days and the cor- 
responding increase was less than 8 times in Series V and VIII, our 
previous experience with large and small inocula has shown that a 
difference of this‘order would be expected even if the same sample of 
peptone had been used in all three series. Hence, there is no basis for 
assuming that mere filtration of the medium results in acceleration of 
growth, or that filtration removes any essential constituent of the 
medium. 

It is interesting to note that, in spite of the difference in initial 
counts, the density of population in Series I after 6 days was inter- 
mediate between the corresponding densities in Series III and VI; 
furthermore, that the various densities were somewhat proportional 
to the amounts of old culture filtrate added to the medium. Thus, 
Series III, with 1.0. ce of filtrate, showed approximately 20,000 
ciliates per cc; Series I, with 2.0 cc of filtrate, approximately 
29,000; Series VI, with 5.0 ce of filtrate, approximately 38,000. A 
similar relationship seems to hold with respect to maximal density of 
population in Series II] and VI; the population density showed a 
greater increase in the larger volume of old culture filtrate. 

The effect produced by aged sterile medium was surprising. In 
Series IV, which received aged medium in a dilution of 1:10, growth 
was almost as heavy as in Series ITI with old culture filtrate, while the 
population level in Series VII was even higher than in Series VI. 
This is particularly interesting in view of the obvious differences be- 
tween aged medium and old culture fluid. The latter had been sub- 
jected to the action of digestive enzymes and contained metabolic 
products liberated by the ciliates, while the changes in uninoculated 
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medium were undoubtedly much less extensive. Nevertheless, the 
mere aging of sterile medium changed it in such a way that it ac- 
quired the property of accelerating growth of C. campylum when 
added to equal or larger volumes of fresh peptone solution. 

These observations have a bearing upon the question of “bio- 
logically conditioned’? medium, and upon the “allelocatalytic effect’ 
described by Robertson and others. The results obtained in Series I, 
III and VI might reasonably be attributed to a “biological condi- 
tioning’’ brought about during growth of the ciliates, if it were not 
for the fact that aged sterile medium produced comparable effects. 
Our findings do not demonstrate that the factors producing accelera- 
tion of growth are identical in old culture filtrates and in aged sterile 
medium, and it is possible that they are not the same. On the other 
hand, it is equally obvious that a “biological conditioning”? cannot 
be invoked as the sole explanation for the accelerating effects of old 
culture filtrates. 

Our results show further that, for studies on the “allelocatalytic 
effect” in ciliates, old culture fluid transferred to experimental cul- 
tures may accelerate growth in proportion to the amount of fluid car- 
ried over. Hence, in such investigations on growth in relation to 
initial density of population, it is imperative that the organisms in the 
inocula should be washed thoroughly in order to remove old culture 
fluid. Failure to observe such a precaution may well be responsible, 
at least in part, for some of the apparent conflicts in current views 
regarding the “allelocatatytic effect”. 
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Histological Demonstration of Vitamin A in Rats by Means of 
Fluorescence Microscopy. 


Hans Popper.* (Introduced by A. C. Ivy.) 


From the Cook County Graduate School of Medicine and the Physiological Depart- 
ment, Northwestern University School of Medicine, Chicago, Ill. 


Vitamin A reveals a green fluorescence in ultraviolet light which 
disappears rapidly during irradiation. This was observed under the 
fluorescence microscope using dilute aqueous emulsions of vitamin 
A concentrates. The striking green of the droplets fades during the 


* Research fellow of the Cook County Graduate School of Medicine. 
1 Peacock, P. R., Lancet, 1926, 2, 328. 
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observation. The same behavior is noted in some animal tissues and 
may be attributed to the presence of vitamin A. Querner,” describ- 
ing inclusions in epithelial cells of liver and adrenal, and Jancso* 
demonstrating fluorescence of the pigment epithelium of the eye, 
made this assumption. The assumption that such a fluorescence is 
due to vitamin A can be supported now by the following facts. We 
found this fading fluorescence always located in lipoids of the body 
and absent after treatment of the tissue with alcohol or acetone. Its 
distribution in the body agrees with that of vitamin A as determined 
chemically. Animal experiments, as those reported later and a few 
briefly mentioned by Querner offer evidence that this particular fluor- 
escence is due to the presence of vitamin A. 

Thin pieces of tissue were fixed in excess of 10% formalin and 
frozen sections made within 24 hours after fixation and examined 
under the fluorescence microscope. Inadequate and prolonged fixa- 
tion must be avoided because the fatty bodies acquire a disturbing 
bluish fluorescence due to oxidation. 

The observation of the spontaneous fluorescence of vitamin A 
could be supported by staining with fluorescing dyes (fluorochromy ). 
Fats give a bluish fluorescence with methylene blue which in presence 
of vitamin A is surpassed by the fading green fluorescence. By 
changing the ultraviolet to a ground glass filter one can observe the 
blue stained slide in visible light and exactly localize the fluorescing 
inclusions. In addition, the carrier substances (lipoids) can be dem- 
onstrated by fluorescing dyes. 

Twenty-three rats were grouped for vitamin A assay by Ruven 
Greenbergt according to U.S.P. method XI (revised 1937) and 
checked chemically. In 8 positive controls a regular distribution of 
smaller and occasionally larger droplets in the parenchyma of the 
liver was observed which showed a striking fluorescence fading 
during irradiation. The cytoplasm also revealed a green fluorescence 
which faded to blue. In the Kupffer cells there were also aggregations 
of small droplets which manifested a green fluorescence. In 7 deficient 
rats no green fluorescence was demonstrated; only a faint bluish 
fluorescence of the cytoplasm as in positive controls after fading of 
the green fluorescence was observed. 

Six deficient animals which received more than 6600 units of vita- 

2 Querner, F. von, Kli. Wo., 1935, 14, 1213. 

3 Jancso, N. von, and Janeso, H. von, Biochem. Z., 1936, 287, 289. 


+ Thanks are due to Ruven Greenberg for the preparation of the animals and 


the chemical determinations (method of Guilberts, H. R., and Hart, G. H., J. Nutr., 
1934, 8, 25). 
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Fie. 1. 
Fluorescent Microphotographs. 

A. Liver of control rat. Green fading fluorescing droplets irregularly dis- 
tributed in parenchyma and Kupffer cells. 

B. Liver of vitamin A deficient rat. 

C. Adrenal of control rat. Fine green fluorescing droplets in the cortex of. 
the adrenal. 

D. Adrenal of vitamin A deficient rat. 

E. Human liver, low power. Fading green fluorescence in irregularly dis- 
tributed fat droplets in liver cells, and in Kupffer cells. 

F. Human liver, high power. Fading green fluorescence of Kupffer cells and of 
small acetone soluble droplets distributed along the edge of the epithelial cells. 

G. Human liver, high power. Fading green fluorescence of Kupffer cells and 
the angular lipofuscin lumps which are in the center of the liver cords. 


136 PRODUCTION OF RENIN 


min A within sufficient time to allow storage showed many green 
fluorescing inclusions in epithelial and Kupffer cells, and chemically 
more than 1000 international units of vitamin A per gram of liver 
tissue. Two other animals which received 3300 and 6600 units 
within 3 hours before killing showed only very little green fluores- 
cence, 

The adrenals of positive controls and deficient animals after reple- 
tion revealed many small droplets with green fading fluorescence in 
the epithelial cells of the cortex, especially in the middle layer. In 
the deficient animals no such green fluorescence was present. 

In the liver of 6 newborn rats there was no green fluorescence in 
the cytoplasm and only a few fluorescing droplets in epithelial and 
Kupffer cells. This is in agreement with chemical determinations of 
Ellison and Moore.* In the adrenals there was no green fluorescence. 

In rats deficient in vitamin B, (2 rats), B, (2 rats), and Dt (4 
rats) normal amounts of fluorescing inclusions were found in liver 
and adrenal. 

The liver of rabbits, monkeys, dogs, guinea pigs, mice, and frogs 
revealed essentially the same findings as the liver of normal rats. 
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Production of Renin by Constricting Renal Artery of an Isolated 
Kidney Perfused with Blood. 


K. G. KOHLSTAEDT AND IRVINE H. PAGE. 


From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, 
Indianapolis, Indiana. 


Experimental hypertension resulting from constricting the renal 
artery with a clamp (Goldblatt, Lynch, Hanzel and Summerville?) 
or as a result of perinephritis produced by cellophane or silk (Page?) 
is believed by many investigators to be of humoral origin and specifi- 
cally to be caused by the liberation of renin from the kidneys. This 
renin may in turn interact with renin-activator (Kohlstaedt, Helmer 


4 Ellison, J. B., and Moore, T., Biochem. J., 1937, 31, 165. 

{ For these animals I wish to thank Dr. H. J. Cannon, Director of the Labora- 
tory of Vitamin Technology, Chicago. 

1Goldblatt, H., Lynch, J., Hanzal, R. F., and Summerville, W. W., J. Exp. 
Med., 1934, 59, 347. 

2 Page, I. H., Science, 1939, 89, 273. 
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and Page*) to produce a highly active pressor substance, angiotonin 
(Page and Helmer*). It is, therefore, important to know whether 
renin is in fact liberated from the kidneys and if so under what cir- 
cumstances. 

To answer this problem it seemed desirable to employ experimental 
conditions as simple as possible. For this purpose isolated dogs’ 
kidneys were perfused with blood by means of a Dale-Schuster pump. 

A dog's lungs and kidneys were perfused with defibrinated blood by 
means of a double Dale-Schuster pump.’ Blood flow from the renal 
vein was measured by a Gaddum recorder and urine flow by collection 
in a balanced spoon. 

Samples of the renal vein blood (100 cc) were taken at intervals 
during perfusion of the kidney. This blood was perfused through a 
rabbit ear with pulsatile pressure. Injections of renin, prepared by 
the method of Helmer and Page® and renin-activator prepared ac- 
cording to Kohlstaedt, Helmer and Page’ were made through a side 
arm in the apparatus directly into the cannula which connected the 
artery of the ear to the perfusion apparatus. 

Forty-four experiments have been performed, typical examples of 
which are given. 

In Experiment I, a control experiment, a kidney was perfused 
240 minutes. Blood flow remained unchanged and there were only 
slight changes in blood pressure and urine flow (Table I). Renal 
vein blood collected at the beginning and at the end of the experi- 
ment was perfused through a rabbit’s ear and when renin was in- 
jected into the perfusing blood, intense constriction occurred (Table 
II). When renin-activator was injected there was no reduction in 
flow. 

In Experiment II after 105 minutes of perfusion a clamp was ap- 
plied to the renal artery sufficiently tight to reduce pulse pressure 
60%. Mean blood pressure distal to the clamp was kept constant by 
increasing the output of the pump. Immediately after application of 
the clamp blood flow was reduced 23% and there was some decrease 
in urine flow (Table 1). In some experiments blood flow was not 


reduced. 


3 Kohlstaedt, K. G., Helmer, O. M., and Page, I. H., Proc. Soc. Exp. Bion. AND 
Mep., 1938, 39, 214. 

4 Page, I. H., and Helmer, O. M., Proc. Central Soc. Clin. Invest., November, 
1939. 

5 Dale, H. H., and Schuster, E. H., J. Physiol., 1928, 64, 356. 

6 Helmer, O. M., and Page, I. H., J. Biol. Chem., 1939, 127, 757. 

7 Kohlstaedt, K. G., Page, I. H., and Helmer, O. M., Am. Heart J., 1940, in 


press. 
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TABLE I. 
Conditions Employed During Perfusion of Kidney. 


Eap. I—Without Constriction of the Renal Artery 
Kidney wt 38 g. 
Biood Pressure 132/92 mm Hg. at beginning of perfusion 
136/86 mm Hg. after 240 min. perfusion 
Mean Pressure increased from 102 mm to i111 mm Hg. 
Pulse Pressure 40 mm Hg. throughout the experiment 
Total Blood Flow 180 cc/min. 30 min. after perfusion started 
180 cc/min. after 240 min. perfusion 
Urine Flow .3 cc/min. 30 min. after perfusion started 
.2 ec/min. after 240 min. perfusion 
Urea Clearance 5.5 ce blood cleared per minute. 
Blood Sample Taken (1) after 30 min. perfusion 
(2) after 240 min. perfusion 


Eup. II—With Constriction of the Renal Artery 
Kidney wt 43 g 
Perfused 105 min. before constricting renal artery 
Blood Pressure 138/88 mm Hg. 
Mean Pressure 113 mm Hg. 
Pulse Pressure 50 mm Hg. 
Total Blood Flow 168 e¢/min. 
Urine Flow 1.1 e¢/min. 
Urea Clearance 5.16 cc/min. blood cleared 
Blood Sample Taken (3) after 30 min. perfusion; (4) 105 min. perfusion 


Conditions Initiated by Application of Clamp to Renal Artery and Adjustment of 
Pump to Maintain Mean Pressure 
Blood Pressure 120/100 mm Hg. 
Mean Pressure 110 mm Hg. 
Pulse Pressure 20 mm Hg. (60% reduction) 
Total Blood Flow 129 cc. (23% reduction in blood flow) 
Urine Flow 0.8 ce/min. 


Conditions After Kidney Perfused 165 Min. with Renal Artery Constricted 
Blood Pressure 168/164 mm Hg. 
Mean Pressure 166 mm Hg. (56 mm increase) 
Pulse Pressure 4 mm Hg. (16 mm decrease) 
Blood Flow 76 ec/min. (41% reduction in total blood flow) 
Urine Flow 0 
Blood Sample (5) After 165 min. perfusion with renal artery constricted by 
clamp (270 min. total time perfused) 


As perfusion was continued with the renal artery constricted a 
gradual rise in mean pressure and a further decrease in pulse pressure 
was observed. After 165 minutes of perfusion under these circum- 
stances mean pressure had increased 56 mm Hg and blood flow had 
been reduced 41% (Table 1). 

When renin was injected into a rabbit ear perfused with renal 
vein blood taken before application of the clamp, marked vasocon- 
striction occurred but when the ear was perfused with blood taken 
165 minutes after constriction of the renal artery, renin did not cause 
reduction in blood flow. Renin-activator injected into the ear per- 
fused with blood taken before application of the clamp did not reduce 
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blood flow but if injected into the ear perfused with blood taken after 
the clamp was applied, intense vasoconstriction occurred (Table II). 

These results indicate that constricting the renal artery by a clamp 
caused the kidney to form or liberate a substance which caused fur- 
ther constriction of blood vessels in the renal parenchyma. 

Additional evidence favoring the view that this substance may be 
renin is furnished by the observation that when excess renin is added 
to blood in which there is no available renin-activator, vasoconstric- 
tion does not occur and if renin-activator is added to blood con- 
taining an excess of renin then vasoconstriction occurs. Blood taken 
prior to clamping contained renin-activator and injection of renin into 
the ear during perfusion with this blood, caused vasoconstriction. 
Blood taken after clamping apparently did not contain available 
renin-activator because renin injected into the ear caused no reduction 
in flow but it did contain a substance which resembled renin because 
it reacted with the renin-activator to produce vasoconstriction. 

Perfusion of a dog’s leg for periods similar to those employed for 

TABLE II. 
Effect of Injection of Renin and Renin-activator into Artery of a Rabbit’s Ear 


During Perfusion with Defibrinated Blood Taken from the Renal Vein During 
Perfusion of a Kidney. 


Constriction % reduc- 


in min, tion in flow 
Control Experiment. 
Eup. I—Kidney Perfused 240 Min. without applying clamp 
Blood sample (1) taken after 30 min. perfusion 
through kidney 
1 ce renin-activator 0 0 
1 ce renin 16 91 
Blood sample (2) taken after 240 min. perfusion 
through kidney 
1 ce renin-activator 0 0 
1 ce renin sll 98 
Exp. II—Clamp applied to renal artery 
Blood sample (3) taken after 30 min. perfusion and 
before clamp applied to artery 
1 ce renin-activator 0 Py ay 
1 ce renin ; 12 76 
Blood sample (4) taken after 105 minutes perfusion 
immediately before clamp applied (Dosage of 
renin reduced) 
.5 ee renin-activator 0 0 
5 e¢ renin 3 46 
.5 ee renin-activator 0 0 
Blood sample (5) taken 165 min. after clamp had 
been applied to renal artery 
1 ce renin 0 0 
1 ce renin-activator 6 75 
1 ee renin 0 0 
1 ce renin-activator 8 69 
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perfusion of the kidneys did not cause liberation of renin when the 
femoral artery was constricted. Renin caused vasoconstriction when 
injected into the femoral artery during this perfusion. 

Conclusion. Renin appears to be produced by normal isolated dog's 
kidney perfused with blood when pulse pressure and blood flow are 
reduced by constricting the renal artery. Reduction of mean pressure 
is not a necessary condition. It is not produced when the hind leg is 
perfused under similar circumstances nor by kidneys perfused by 
blood under normal pressure-flow conditions. 
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Diminution of Acetylcholine Content of Retina After Prolonged 
Functional Disuse. 


Hsi-CHun CHANG, WeEI-Mine Hsien, LAo-YING LEE AND 
Tsunc-Han Lt. 


From the Department of Physiology, Peiping Union Medical College, Peiping, 
China. 


With aseptic precaution, the eyelids of one of the dog’s eyes were 
sutured together, the other being left untouched as a control. After a 
period of blindfolding, the lids were opened up under ether anes- 
thesia, the eyeball enucleated, and the retina carefully freed from 
the ciliary muscle and extracted with alcohol. All these procedures 
were done in the dark room under red light. The control eye was simi- 
larly prepared under ordinary illumination. The acetylcholine (AC) 
was identified by different tests, and the quantity determined by assay 
with the toad’s rectus preparation. 

While the AC content of the retina of the eye blindfolded for 7-49 
days was found to be 11-25% less than that of the control in 5 ex- 
periments, that of the eye blindfolded for 160-170 days was over 
58% less than the control in 4 experiments. The variation of the 
AC content of the retinae of the 2 normal eyes encountered in 12 
experiments was 9.3 + 8.4%. 

As there was no sign of infection, injury or irritation of any sort 
in the blindfolded eye, the diminution of the AC content after 160- 
170 days’ blindfolding was apparently due to the prolonged func- 
tional disuse. 
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Resistance of Sperm of Rana pipiens to Hydrostatic Compres- 
sion; Effect upon Embryonic Development. 


DoucLas A. MARSLAND AND RoBERTS RUGH. 


From Washington Square College, New York University. 


Various chemical and physical treatments have been applied to 
sperm, but only one of these, namely, radiation by X-ray or radium, 
has been very effective in inducing developmental changes after nor- 
mal eggs have been fertilized with the treated sperm (Rugh’). 
Agents such as alcohol and other toxic substances, or such as ab- 
normally low or high temperatures (Dunlay’) are difficult to use. 
Apparently the motility of the sperm is abolished by degrees of treat- 
ment which are insufficient to produce any marked changes in the 
nuclear complex of the gametes. 

Three considerations suggested the use of hydrostatic pressure in 
en attempt to induce nuclear changes in the sperm: (1) No previous 
studies of the effects of pressure upon sperm have been reported; 
(2) It is known that hign pressure can induce changes in the speci- 
ficity of complex proteins such as viruses (Basset, Nicolan and 
Macheboeuf*) and antigens (Basset, Macheboeuf and Perez*) and 
therefore might conceivably be effective in inducing genic changes; 
and (3) In some previous work (Marsland and Brown,’ and Pease 
and Kitching®) it has been observed that the motility of ciliated and 
flagellated forms is not abolished at pressures up to 600 atmospheres. 

The sperm of Rana pipiens were obtained by excising the testes of 
recently hibernating frogs. Four to 6 of the intact organs, each 
from a different frog, were placed in a small (about 3 cc) glass test 
tube completely fiiled with 10% Holtfreter solution so as to exclude 
all undissolved air from the system. A rubber membrane served to 
seal the tube and to transmit the pressure from the surrounding 
Holtfreter solution which filled the bomb. To eliminate the possi- 
bility of toxic effects emanating from the rubber, the membrane was 
washed for a half hour in warm N/10 NaOH solution and rinsed 


1 Rugh, Roberts, Proc. Am. Phil. Soc., 1939, 81, 447. 

2Dunlay, Neil S., Biol. Bull., 1913, 25, 213. 

3 Basset, J., Nicolan, S., and Macheboeuf, M. A., C. r, Acad. Sci., 1935, 200, 
1882. é 

4 Basset, J., Macheboeuf, M. A., and Perez, J. J., C. r. Acad. Sci., 1935, 200, 
4960. 

5 Marsland, D. A., and Brown, D. E. S., J. Cell. and Comp. Physiol., 1936, 8, 167. 

6 Pease, D. C., and Kitching, J. A., J. Cell. and Comp. Phystol., 1939, 14, 135. 
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thoroughly in distilled water. Controls indicated that rubber so 
treated was non-toxic. In one experiment the sperm were liberated 
into the Holtfreter solution prior to the compression. 

After compression, the sperm were used immediately to fertilize a 
minimum of 800 eggs which were obtained by the method of Rugh.’ 
In most cases control fertilizations, utilizing sperm from the opposite 
testes of the same frogs, were carried out. The maximum available 
pressure, namely, 544 atmospheres (8000 Ib/in.*) was used in all 
of the experiments. The development of both the control and the 
experimental specimens was followed for 10 days, 7. e., until well after 
the hatching of the tadpoles. 

The experimental results indicate that the sperm are quite immune 
io the pressures employed. In all cases they were normally motile 
after the compression period. Also the sperm retained their motility 
during the compression period, as could be seen when they were ex- 
amined in the microscope-pressure chamber (Marsland and Brown’). 
There was no observable change in motility as pressure was being 
applied, and activity continued unabated during a compression period 
of 3 hours at 544 atmos. Apparently the motility of sperm is much 
less susceptible to the effects of pressure than is amoeboid movement 
(Marsland and Brown’), and protoplasmic streaming (Marsland*). 

The compressed sperm gave the same fertilization results as did the 
controls (7. e., practically 100%), and fertilization was followed by 
normal development well beyond the hatching stage. In the most 
prolonged experiment, the maximum pressure of 544 atms. was 
maintained continuously for a 3-hour period. Careful examination 
of the tail tips of tadpoles showed no appearance of haploid or other 
chromosome aberrations such as were obtained by X-ray treatment 
(Rugh*). <A cytological study of the cells of some early embryos 
failed to reveal any abnormalities. 

One experiment was done to determine if frequent rapid changes in 
the pressure level might have a greater effect than a continuously 
maintained high pressure. In this case during the last 2 hours of a 
3-hour compression period, the pressure was dropped to 1 atms. at 
5-minute intervals, and then immediately restored to 544 atms. The 
decompression occurred in less than 1 second and the subsequent 
build-up required about 5 seconds. Thus the total compression time 
was reduced by less than 3 minutes during the 24 successive decom- 
pressions. Nevertheless these sperm gave rise to a perfectly normal 
set of embryos and larvae. 


7 Rugh, R., Biol. Bull., 1935, 66, 22. 
8 Marsland, D. A., J. Cell. and Comp. Physiol., 1939, 13, 23. 


LYMPHOMATOsIs IN MICE 143 


The suitability of pressure as a means of inducing genic or chro- 
mosomal changes in the sperm cannot be decided until experiments are 
done using higher pressures. However, pressure higher than 544 
atms. is not available at present in our laboratory. 

Possibly genic or chromosomal changes were not to be expected in 
the range of pressure which was used, despite the relatively long 
duration of the compression period. However, certain viruses do 
begin to undergo denaturation at a somewhat higher pressure, namely, 
1000 atms., applied for 45 minutes (Basset, Wollman, Machelboeuf 
and Bardach®). On the other hand, a number of proteins retain their 
antigenic specificity at pressures up to 4000 atms. (Basset, Mache- 
boeuf and Perez*) and a few do not appear to be denatured below 
10,000 atms. (Basset, Lisbonne and Macheboeuf’’). 

Conclusion. Hydrostatic pressure of 544 atms. applied to frog 
sperm, either continuously, or in the alternating periods of com- 
pression and decompression, for a period of 3 hours, in no way alters 
the motility or the fertilizing power of the sperm. More than 5000 
embryos resulting from such sperm and normal eggs, developed 
normally in all respects. 
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Induction of Lymphomatosis in Mice Following Painting with 
9:10 dimethyl-1:2 benzanthracene. 


L. W. Law* anp Marjorie LEwisonn.{ (Introduced by C. C. 
Little. ) 


From the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. 


There is sufficient evidence to indicate the existence of a direct 
relationship between carcinogenic agents and certain types of tumors 
in mice, ¢. g., carcinoma of the lung, sarcoma, epithelioma, Given the 
hereditary predisposition to tumor formation, the application of 
certain carcinogens will hasten the appearance and in some instances 


9 Basset, J., Wollman, E., Macheboeuf, M. A., and Bardach, M., C. r. Acad. Sci., 
1933, 196, 1138. 
10 Basset, J., Lisbonne, M., and Macheboeuf, M. A., C. r. Acad. Sci., 1933, 196, 
1540. 
* Finney-Howell Foundation Medical Research Fellowship. 
+Summer student from the University of Michigan to the Jackson Memorial 
Laboratory. 
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increase the incidence of the tumor. The relationship between car- 
cinogens and the leukemoid conditions has not been so clear-cut. A 
leukemic condition in mice has been reported following the subcu- 
taneous injection of 1:2:5:6 dibenzanthracene-9 :10 endo-af suc- 
cinate.t Leukemia has been reported in stock mice following painting 
with 1:2:5:6 dibenzanthracene combined with theelin,” and in 
derivatives of the Bagg albino strain following tar painting.” An 
atypical leukemia has been reported in mice of the S strain following 
intrasplenic injections of crystalline 3:4 benzpyrene.* Recently, a 
condition of general lymphomatosis has appeared in the dilute brown 
(dba) strain after the cutaneous application of methylcholanthrene 
in benzene.? 

During the course of an experiment testing the carcinogenicity of 
9:10 dimethyl-1 :2 benzanthracene® on different inbred strains of mice 


9 :10-dimethyl-1:2-benzanthracene. 


CH; 


hs 
there appeared in one of the strains used, the dilute brown (dba) 
strain, individuals with a general lymphomatosis at a strikingly early 
age. It is the purpose of this report to record these findings. 

The dilute brown strain is a high mammary tumor strain with a 
tumor incidence approximating 85% in the breeding females. Sub- 
line 212 is distinct from the other sublines in having a relatively high 
incidence of lymphoblastomas in old animals. The incidence data 
are as yet incomplete for this subline.’ Ten mice of subline 212 were 
used. On August 1, 1939, when these animals were 4 weeks old, 
paintings were begun. A 0.3% solution of 9:10 dimethyl-1:2 ben- 
zanthracene in thiopene-free benzene was applied to the skin with a 


1 Burrows, H., and Cook, J. W., Am. J. Cancer, 1936, 30, 75. 

2 Perry, I. H., and Ginzton, L. L., Am. J. Cancer, 1937, 29, 680. 

3 Brues, Austin M., and Marble, Beula B., Am. J. Cancer, 1939, 37, 45. 

4 Barnes, W. A., and Furth, J.. Am. J. Cancer, 1937, 30, 75. 

5 Morton, John J., and Mider, G. Burroughs, Science, 1938, 87, 327. 

6 Furnished through the courtesy of Dr. W. E. Bachmann of the University of 
Michigan. See Bachmann, W. E., Kennaway, KE. L., and Kenneway, N. M., Yale 
J. Biol. and Med., 1938, 11, 97. 

7 Personal communication, Dr. G. W. Woolley of this laboratory. 
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No. 4 camel’s hair brush. Paintings were made mid-dorsally from 
the interscapular to the sacral region with 2 strokes of the brush. 
These were continued twice weekly at the same site. 

Sixty-five days after the first painting 9D.5 showed extreme bilat- 
eral lymphadenopathy of the cervical, axillary and inguinal lymph 
nodes and had a “swell belly”. The animal appeared moribund and 
was killed. At necropsy there was also lymphadenopathy of the 
tracheo-bronchial and abdominal-mesenteric nodes. There was en- 
largement of the liver and spleen. The liver was pale and the spleen 
grayish in color. There existed a general connective tissue edema. 
Hydrothorax and ascites were evident. Microscopic examination of 
the lymph nodes showed an infiltration of lymphoid cells. The lymph 
node architecture was completely lost and in most cases there was in- 
filtration through the node capsule into surrounding tissue. The 
nodes were grayish and soft and in most cases were larger than 1 cm 
in diameter. In some a brownish pigment deposit was found. Liver 
sinusoids were filled with lymphoid cells and dense areas were formed 
around the portal vessels. Large areas of the splenic: architecture 
were completely obliterated and pulp tissue was replaced by lympho- 
blasts. 

Five more animals showed a definite general lymphomatosis at 
75, 76,77, 82 and 89 days respectively after the first painting. These 
animals died from 8 to 15 days after the appearance of lymph- 
adenopathy. In each mouse there was bilateral enlargement of the 
cervical, axillary or inguinal nodes with accompanying hepatomegaly 
and splenomegaly. Edema was not so pronounced in these animals and 
there was little or no hydrothorax or ascites. Histological findings of 
the lymph nodes, liver and spleen were identical with those described 
fOr TDs. 

The spleen seemed to be secondarily involved in these animals as 
there were some regions where the architecture had been preserved. 
Lymphocyte counts made from blood smears ranged from 87 to 
99%, Leukemic infiltration was noted in the mammary gland and 
connective tissues. 

Of the remaining mice, 2 died of infection. 9D,9 and D,10 showed 
a moderate lymphadenopathy at 74 and 76 days respectively after the 
first painting, with an apparent slight subsequent regression. These 
animals were sacrificed at the age of 133 days. Definite areas of 
leukemic infiltration were noted in the axillary and inguinal nodes, 
with a definite capsular infiltration. The liver sinusoids showed the 
beginning of infiltration, but the architecture of the spleen was nor- 
mal. These animals probably represent early cases of general 


lymphomatosis. 
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Not a single case of lymphomatosis has been observed among the 
30 C57 brown mice and 10 A strain mice similarly painted for 145 
days, nor among 35 dba, subline 212, control mice. 

Summary. A general lymphomatosis has occurred in mice of the 
dilute brown (dba) strain (subline 212) following painting of the 
skin with a 0.3% solution of 9:10 dimethyl-1:2 benzanthracene in 
benzene. Bilateral lymphadenopathy of the axillary, inguinal or 
cervical lymph nodes appears as early at 95 days after birth, death 
ensuing within 2 weeks. 
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On the Free and Combined Silica in Silicotic Lungs. 


Guy E. YouNGBURG AND MAMIE V. YOUNGBURG. 


From the Department of Biological Chemistry, University of Buffalo Medical 
School, Buffalo, N. Y. 


While more analytical results for total silica in lungs are needed, 
there is a much greater need for values for the concentration of free 
silica, since it is so definitely known to cause silicosis. In the litera- 
ture on the subject only several publications in the analytical line have 
to do with free silica in lungs and these reports are limited either to 
semi-quantitative results’ or to calculations of silica by difference.” ° 

By modifying and extending the method of determining free silica 
in dusts, to lung residues, we have been able to determine minimum 
free silica. Since the chemical method involves digestion of the 
finely-divided lung ash residue in hydrofluosilicic acid (H.SiF,) in 
order to dissolve away silicates, and since finely-divided free silica is 
appreciably soluble in the above acid, we can, however, report only 
minimum free silica values. 

The solubility of free silica in hydrofluosilicic acid varies with 
particle size, among other factors. Particles of silica as long as 10 
microns may gain entrance to lungs, although the great majority 


1Sweany, Henry C., Klaas, R., and Clark, G. L., Radiology, 1938, 31, 299. 

2 Hicks, Victor, Instruments, 1936, 9, 133; Ind. Med., 1936, 5, 173. 

3 Hicks, Victor, McElroy, O., and Warga, M. E., J. Ind. Hyg. and Towic., 1937, 
19, 177. 

4 Jepheott, C. M., Gray, W. M., and Irwin, Dudley A., Canadian Med. Assn. J., 
1938, 38, 209. 

5 Badham, Charles, and Taylor, Harold B., Med. J. Australia, 1933, 1, 511. 

6 Jones, William R., J. Hyg., 1933, 38, 307. 
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found are less than 5 microns, averaging around 1 to 3 microns ac- 
cording to several investigators. Although we have attempted to 
establish a solubility correction by experiments on fine quartz, so far 
we have not been successful. 

Total silica was determined by the usual gravimetric hydrofluoric 
acid method. Essentially the free silica method consisted in digest- 
ing the ash residues at room temperature with hydrofluosilicic acid 
and then determining the undissolved free silica by the hydrofluoric 
acid method. 

Table I indicates data and results on 14 silicotic lungs obtained 
from autopsies in Buffalo and vicinity. More cases would have been 
desirable but were not available. The table is largely self-explanatory. 

The results show that free silica varies greatly both in actual con- 
centration and in percent of total silica; concentrations range from 
0.086% to 1.296% of the dry lung; as a part of the total silica the 
free silica ranges from 3.25% to 91%. The variations are not out 
of harmony with the fact that different persons are subjected to 
breathing siliceous dusts of greatly varying compositions in silica 
and silicates. 

It is to be noted that im 5S cases’ (Nos3 22, 0245525,, 29-730 ewe 
minimum concentration of free silica is within the generally accepted 
maximum limit of 0.20% of total silica for normal lungs (on the 
dry basis). The total silica, however, in these cases is well above 
the normal. 
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Carbohydrate Metabolism of Oidium lactis and Bacillus subtilis 
in Complex Carbohydrate-rich Culture Medium.* 


THEODORE E. FRIEDEMANN. 


From the Laboratory of Chemical Bacteriology, Department of Medicine, 
University of Chicago, Chicago. 


In previous papers the writer has shown that the rapid growth of 
pneumococci’ and streptococci’ in the usual laboratory media results 
in a large yield of lactic acid; a small part of the sugar is further 


“This study was supported by the Bartlett Memorial Fund and the Douglas 
Smith Foundation for Medical Research of the University of Chicago. The work 
was carried out with the assistance of Thaddeus C. Kmieciak. 

1 Friedemann, T. E., Proc. Soc. Exp. Bron. AND MeEp., 1939, 49, 505. 

2 Friedemann, T. E., J. Biol. Chem., 1939, 180, 757. 
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broken down into 2 moles of formic acid and 1 mole each of acetic 
acid and ethyl alcohol as in the case of Eberthella typhosa.” * For 
the first time it was demonstrated that Escherichia coli may yield a 
maximum of 2 moles of formic acid.’ In the present paper it will be 
shown that the metabolism of Oidium lactis (from milk and dairy 
products) and B. subtilis, the “hay bacillus’, both non-pathogenic 
microorganisms which differ widely morphologically, follows the 
same pattern. 

The bacteriological and analytical methods were the same as 
described in previous papers.* The composition of the culture me- 
dium, the temperature, and the duration of incubation are shown at 
the top of Table I. For the purpose of comparison results are also 
given from a few other microorganisms which were grown in the 
same batch of culture medium. 

The metabolism of Eberthella typhosa and Shigella paradysenteriae 
in culture medium B, resulted in a yield of 34% of lactic acid on the 
basis of the sugar consumed. Slightly less lactic acid was produced 
by Eberthella typhosa in medium B;. The yield of lactic acid from 
Oidium lactis was high and approximately the same in both media, 
namely, 75 and 71%. B. subtilis yielded 70% of lactic acid in 
medium B,, on the basis of the sugar consumed. Another strain of 
B, subtilis gave almost identical yields of products. Both micro- 
organisms converted about one-fifth of the sugar into volatile 
products which appeared in the medium in approximately the ratio 
of 2 moles of formic acid to 1 mole each of acetic and ethyl alcohol. 
Thus in medium B;, O1diwm lactis produced 11.4 mM of formic 
acid, 6.6 mM of acetic acid, and 5.3 mM of ethyl alcohol. B. subtilis 
produced 10.5 mM of formic acid, 5.9 mM of acetic acid, and 6.2 mM 
of ethyl alcohol. This should be compared with the results from 
Eb. typhosa. From approximately the same quantity of sugar, Eb. 
tvphosa yielded 29.5 mM of formic acid, 17.2 mM of acetic acid and 
15.2 mM of ethy! alcohol; approximately 60% of the sugar was thus 
converted into volatile products. Succinic acid was not produced in 
measurable quantities in either of the media, as measured by the “‘un- 
determined non-volatile acidity.” 

It is evident that these products were produced by anaerobic 
mechanisms. Under the experimental conditions, even with a long 
exposure and with slow growth, a high yield of lactic acid probably 
would have been obtained from these organisms. Such a condition 
obtained in a culture of C. diphtheriae. Although the inoculum was 


3 Harden, A., J. Chem. Soc., 1901, 79, 610. 
4 FWriedemann, T. E., J. Bact., 1938, 35, 527. 
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large, growth was very slow and appeared to occur chiefly at the 
surface. The contents of the bottle were rotated frequently during a 
period of 72 hours. Despite the obviously aerobic conditions, a 
yield of 62% of lactic acid was obtained. The yield of volatile 
products was similar to that obtained in aerated cultures of Diplococ- 
cus pneumoniae.” Neither Oidium lactis nor B. subtilis produced the 
maximum of lactic acid from sugar by growth in this medium. The 
yield of 89% of lactic acid in a culture of Lactobacillus helveticus 
(caset ¢, vy. Freudenreich) perhaps represents the maximum which 
could be obtained by the growth of microorganisms in this batch of 
culture medium. 

Summary. Oidium lactis and B, subtilis were inoculated into cul- 
ture media prepared from 0.3% solution of meat extract or an in- 
fusion of beef muscle, to which were added 1% of Witte peptone, 1 
to 1.8% of NasHPO,: 12 H.O and 0.9% of dextrose. Both micro- 
organisms grew rapidly at 37.5° and both yielded about 70% of 
iactic acid on the basis of the sugar consumed. Approximately one- 
fifth of the C;-intermediates from the sugar was further metabolized 
into 2 moles of formic acid and 1 mole each of acetic acid and ethyl 
alcohol. Their metabolism in the same culture medium is compared 
with that of Eberthella typhosa, Shigella paradysenteriae, Lacto- 
bacillus helveticus (casei €) and Corynebacterium diphtheriae. 
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Pantothenic Acid and Nicotinic Acid as Essential Growth Sub- 
stances for Morgan’s Bacillus (Proteus morganii). 


MiIcHAEL J. PELCzAR, JR., AND J. R. Porter. (Introduced by Wm. 
Me Eales) 


From the Department of Baeteriology, College of Medicine, State University of 
Iowa, Iowa City, Lowa. 


Following the announcement by Fildes’ that nicotinic acid was 
found to be an essential accessory nutrient for 10 strains of Proteus, 
an investigation was undertaken in this laboratory to determine the 
nutritional requirements of some 240 strains of Proteus vulgaris and 
other species of the same genus. During the course of the study* 
it was observed that all of the Proteus morganti strains exhibited a 


1 Fildes, P., Brit. J. Exp. Path., 1938, 19, 239. 
2 Pelezar, M. J., and Porter, J. R., J. Bact., in press. 
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marked variation from the other Proteus cultures. This difference 
was apparent when the organisms were subcultured in a simple 
synthetic medium composed of inorganic salts, lactate, and nicotinic 
acid. None of the Morgan’s bacilli was capable of serial subculture 
in the medium, while practically all of the remaining Proteus strains 
responded with good growth. When this simple medium was sup- 
plemented with some 16 amino acids in various combinations the 
situation was not altered. The absence of some essential growth 
substance (or substances) appeared to be the likely explanation for 
the failure of the strains to grow. 

This paper is a preliminary report on the nutrition of Proteus mor- 
ganii and the ability of pantothenic acid and nicotinic acid to serve as 
the essential accessory substances for the growth of the organism. 

Experimental.* Thirty-five strains of Proteus morganii consti- 
tuted the test organisms. Twenty-four-hour cultures on meat infu- 
sion agar slants were used as the source of inoculum. The basal me- 
dium used throughout was made up of inorganic salts [KH.PO,, 
(NH,).S0., NHi€l; Fe (NH2); (SO? 2 GHLOy Mes O7.7 Ever 
glucose, distilled water, and the following amino acids which were 
incorporated to insure an adequate supply of nitrogenous compounds: 
dl-alanine, dl-valine, dl-leucine, s-glycine, I-proline, dl-hydroxyproline, 
dl-aspartic acid, dl-glutamic acid, dl-methionine, dl-phenylalanine, 
l-tyrosine, d-arginine, I-histidine, dl-lysine, 1l-tryptophane and 
l-cystine. 

Ten substances which have been identified as growth accessory 
factors for various organisms were tested alone and in various com- 
binations in the amino acid basal medium. These included: vitamin 
B,,f vitamin B,,f riboflavin,t B-alanine, pimelic acid, nicotinic acid, 
inositol, cocarboxylase,t glutamine, and cozymase.t Growth of the 
Morgan’s strains failed to occur on subsequent serial transfers in the 
same medium when one or all of these substances were present in the 
basic medium. 

At this time it was observed that very small amounts of an alco- 
holic extract of wheat or rice bran stimulated the growth of Proteus 
morgan when added to an otherwise synthetic medium. This led us 
to believe that panthothenic acid might be an essential growth sub- 
stance for this organism. 

Through the kindness of Professor R. J. Williams, we were able to 


*The details of methods and media employed will be reported in a subse- 
quent paper. 
+ We are indebted to Merck and Company, Inc., for the vitamin B, (Betabion), 


riboflavin, and vitamin Bg, and to Dr. Henry Tauber for the coearboxylase and 
cozymase. : 
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test the biological activity of 2 preparations of barium pantothenate, 
one labeled as 20% pure and the other as 88% pure. When either 
of these 2 pantothenate preparations was added in quantities of one 
vg to 10 ml of the basal amino acid medium plus all 10 of the above 
growth substances, a luxuriant growth occurred within 24 hours 
after inoculation and continued through 5 subsequent transfers on 
2 similar medium. Further experiments showed that the panto- 
thenate preparation alone would not support growth. Consequently 
several media were prepared using various combinations of the 10 
previously mentioned growth factors along with the pantothenate. 
By a process of elimination it was observed that when nicotinic acid 
and pantothenate or cozymase and pantothendte were present in the 
basal medium, the resulting growth was good. Pantothenate in 
combination with the other growth substances gave negative results. 
It is not surprising that cozymase could be substituted for nicotinic 
acid since it is generally accepted that the nicotinic acid molecule is 
used in the synthesis of cozymase. A quantitative comparison of the 
biological activity of the pantothenate preparations is given in Table 
I. 

Although neither sample is pure, we are informed’® that the im- 
purities present are physiologically inactive. It will be observed that 
the activity of the 88% pure preparation of barium pantothenate 
(II) is roughly 4 times that of the 20% preparation (I). The 
former was easily detectable at 0.01 »g per 10 ml of medium. This 
fact together with the effectiveness of the material in such an in- 
finitesimal concentration seems to be sufficient evidence for panto- 
thenate to be classed as a growth factor for Proteus morgann., 

To our knowledge, this is the fourth instance in which pantothenic 

TABLE I. 


Quantitative Comparison of Biological Activity of 20% and 88% Pure Barium 
Pantothenate with Proteus morganti as Test Organism. 


20% barium pantothenate (1) 88% barium pantothenate (II) 
my Ce 
ug added per Visible pg added per Visible 
10 ml of medium* growth 10 ml of medium growth 
0 0 0 0 
01 0 0025 0 
04 sar 01 + 
oll ++ 025 ++ 
of Sates .10 Fiala 
1.0 ira 125 oe st 


+++, good growth; ++, moderate growth; +, poor growth. “* 
* Medium: Nicotinic acid, 16 amino acids, inorganic salts, glucose and distilled 


water. 


3 Williams, R. J., personal communication. 
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acid has been demonstrated to serve as a growth factor for certain 
bacteria. It has previously been reported as an essential growth fac- 
tor for Corynebacterium diphtheriae (Mueller and Klotz,* Evans, 
Handley and Happold’), for the lactic and propionic acid bacteria 
(Snell, Strong and Peterson®) and for the hemolytic streptococcus 
(Subbarow and Rane,’ and McIlwain’*). . 

Summary, Evidence has been presented which indicates that pan- 
tothenic acid and nicotinic acid are the essential growth factors for 
Proteus morgani. 
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Urea-Treated Virus as a Vaccine against Rabies.* 


Anson Hoyt AND DOUGLAS WARNER. 


From the Departments of Racteriology, Columbia University College of Physicians 
and Surgeons, and the School of Medicine, University of Southern California. 


Urea and allied compounds have been studied with regard to their 
denaturing action on proteins’’ and their inactivating effect on 
viruses.” * | MacKay and Schroeder mixed rabies-fixed virus and 
poliomyelitis virus with concentrated urea solutions; complete inac- 
tivation of these viruses and loss of antigenicity resulted. The work 
here reported concerns the action of urea solutions on rabies-fixed 
virus. 

In the first experiment fresh rabbit-fixed virus was ground with 
a saturated (room temperature) solution of urea in normal saline to 
make a 50% suspension of tissue. The resulting mixture was smooth 


4 Mueller, J. H., and Klotz, A. W., J. Am. Chem. Soc., 1938, 60, 3086. 

5 Hvans, W. C., Handley, W. R. C., and Happold, F. C., Brit. J. Eup. Path., 
1939, 20, 396. 

6 Snell, E. E., Strong, F. M., and Peterson, W. H., J. Am. Chem. Soc., 1938, 60, 
2825; J. Bact., 1939, 38, 293. 

7 Subbarow, Y., and Rane, L., J. Am. Chem. Soc., 1939, 61, 1616. 

8 McIlwain, H., Brit. J. Hap. Path., 1939, 20, 330. 

* This research was supported by a grant from the W. J. Matheson Fund for 
the study of encephalitis and by the Rabies Research Fund of the University of 
Southern California. 

1 Anson, M. L., and Mirsky, A. E., J. Gen. Physiol., 1929, 18, 121. 

2 Greenstein, J. P., J. Biol. Chem., 1938, 125, 501. 

3 Stanley, W. M., and Lauffer, M. A., Science, 1939, 89, 345. 

* MacKay, E. M., and Schroeder, C. R., Proc. Soc. Exp. Bron. AND Mup., 1936, 
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and creamy and flowed easily. Numerous bubbles of fat floated to 
the surface and were removed. The remaining material was homo- 
geneous (save for small fragments of fibrous tissue, bits of blood 
clot and insoluble particles of a fatty consistency, all of which were 
removable by straining through gauze) and could be drawn through a 
27 gauge needle. In 4 subsequent experiments less urea was utilized ; 
these vaccines (Nos. 2, 3, 4 and 5) contained 40% rabbit-fixed virus 
brain and 60% of % saturated urea in normal saline. All vaccines, 
after preparation, were incubated at 37°C for 24 or 48 hours and 
were subsequently preserved at refrigerator temperature. 

The undiluted vaccines of the first 2 experiments proved extremely 
irritating and rapidly killed a number of mice, when injected intra- 
cerebrally in doses of 0.02 cc to 0.03 cc in order to test for the pres- 
ence of active virus. Three mice, which survived the initial cerebral 
irritation resulting from these test injections and which thereafter 
remained normal, indicated that the first vaccine was non-infectious 
for mice under the experimental conditions employed. The second 
vaccine killed all test mice shortly after intracerebral inoculation; its 
active virus content was, therefore, not determined. The last 3 vac- 
cines were diluted 5 times with normal saline, before intracerebral 
inoculation, in order to minimize their direct irritating effects and 
injection of these vaccines produced no immediate untoward symp- 
toms. The third and fifth vaccines contained active virus and pro- 
duced rabies in a number of these test mice. Vaccine No. 4, however, 
was non-infective for 8 test animals, which were observed for a period 
of 18 days and which were subsequently shown to be fully susceptible 
to intracerebral infection with small doses of rabies virus. It was, 
therefore, concluded that vaccine No. 4 contained either no active 
virus or that its concentration of infective material was reduced to a 
minimum. 

All 5 vaccines were tested for their immunizing efficacy. Vaccine 
No. 1 (which contained a high concentration of urea) was adminis- 
tered intraabdominally in 8 daily doses, each of 0.025 cc, to 14 white 
Swiss mice. An intracerebral titration with fixed virus performed on 
these mice 2 weeks after active immunization was begun and com- 
pared with adequate untreated controls, indicated that no demonstrable 
immunity had developed. The last 4 vaccines, which contained less 
than half the amount of urea that was present in vaccine No. 1, 
showed very definite immunizing properties, however, when injected 
in like manner. Vaccines Nos. 3, 4 and 5 were injected in 2 different 
ways: (a) in 8 daily intraperitoneal doses of 0.025 cc, (b) in 1 dose 
of 0.20 cc. Controlled intracerebral titrations for immunity were 


156 UREA-TREATED VIRUS AS VACCINE AGAINST RABIES 


performed as above. The samples of rabbit brain-fixed virus, em- 
ployed in these titrations, were removed from 50% glycerine in the 
first 4 experiments, while fresh virus was employed in test No. 5S. 
Virus was ground to an initial 1/5 suspension in the first 3 tests, 
whereas a 1/10 suspension was prepared for the last 2 tests. These 
initial preparations were centrifuged at a moderate speed for a few 
minutes and the supernatants were further diluted by tens. Intra- 
cerebral test doses consisted of 0.02 cc to 0.03 cc of these dilutions. 
Normal saline was used as a diluent in the first 2 experiments and 
distilled water was employed after this. All mice were observed for 
a minimum of 14 days before being classified as “survivors”. 

Table I summarizes experiments on the immunizing powers of the 
last 4 vaccines, all of which tests yielded comparable results. 

The table indicates that 8 intraabdominal injections of urea- 
treated vaccines (Nos. 2, 3, 4, and 5) containing 40% rabbit-fixed 
virus brain and 60% ¥ saturated urea in saline, produced a high 
degree of immunity against 1 and 10 minimal infective doses of 
rabies-fixed virus and some immunity against even greater doses. 
In addition, 3 of these vaccines (Nos. 3, 4 and 5) when given in like 
total amounts but in one large dose, produced an immunity of a 
somewhat lower grade. 

Summary. Rabbit brain rabies-fixed virus exhibited considerable 
resistance to the action of urea. This virus maintained its anti- 
genicity in 4 experiments and its infectivity in, at least, 2 tests in the 
presence of a concentration of urea which was sufficiently high to 
liquefy most of the virus-containing brain material. 

TABLE I. 


Resistance of Mice Immunized with Urea Vaccine. 
All vaccinated mice received the same total amount of vaccine. 


Vaccine given in 


TT 7 Untreated 
Intracerebral Eight injections One injection controls 

test virus ———-—_ ———— oH 
M.1.D.’s Survivors Deaths Survivors Deaths Survivors Deaths 

10,000 2 3 0 4 0 dk 

1,000 0 4 0 4 0 a 

100 14 6 5 7 0 10 

10 15 1 6 6 0 24 

1 18 0 11 5 1 24 


157 


11129 


Attempt to Modity Growth, Development and Tumor Incidence 
in Mice with Thymus Gland Extracts. 


GEORGE VAN S. SMITH AND E, ELizABEeTH JONES. 


From the Fearing Research Laboratory, Free Hospital for Women, 
Brookline, Mass. (The Reginald W. Bird Endowment.) 


Spontaneous mammary cancer in mice is predominantly a disease 
of mature or old females and is influenced in many strains by their 
breeding activity. It, therefore, becomes of great interest to modify 
reproductive activity, development and growth in strains of mice of 
known rates of cancer susceptibility to determine the relationship 
between the chronological and physiological age of tissues and the 
appearance of cancer. 

The biologic effects of thymus gland extracts on rats reported by 
Rowntree, Clark and Hanson* and Rowntree’ were precisely of the 
nature we desired to produce in mice. These were: increase in num- 
ber and size of litters and birth weight of offspring; and, in the third 
generation of treated rats, precocious development accompanied by 
early eruption of teeth, appearance of fur, opening of eyes, descent of 
the testes or opening of the vagina and earlier sexual maturity. 

The present experiments were undertaken with the Line A strain 
of albino mice, in which the tumor incidence shows a high correla- 
tion with breeding activity. Approximately 5% of virgin females 
develop tumors at 11 months of age. In bred females, which develop 
tumors at an average age of 15 months, the percentage of tumors 
increases with the number of litters borne: 12.56% in those with 1; 
24.44% in those with 2; and 34.21% in those with 3 litters. 

Three possible effects of thymus gland extract injections pre- 
sented themselves. First, with an increase in the number of litters, 
a rise in tumor incidence might be anticipated; on the other hand, if 
the extract produced maturation and differentiation of cells, such an 
effect might either prevent the appearance of tumors, which are 
typically of undifferentiated cells, or, by bringing about precocious 
physiological maturity, hasten the onset and increase the number of 
tumors. 

Extracts of thymus glands from young calves were prepared in 
this laboratory by the method then employed by Rowntree (personal 
communications, Dec., 1935) and their potency in terms of reduced 


1 Rowntree, L. G., Clark, J. H., and Hanson, A. M., J. A.M. A., 1934, 103, 1425. 
2 Rowntree, L. G., J. A. M. A., 1935, 105, 592. 
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glutathione content determined. Extracts containing from 28 mg % 
to 110 mg % reduced glutathione were administered by intraper- 
itoneal injections of 0.5 cc 3 times a week from weaning throughout 
the reproductive period. They were stored in small sterile vials in 
the refrigerator. An opened vial was never used for more than 3 
weeks and no extracts were more than 12 weeks old when injected. 
The material was found to be toxic if given at more frequent in- 
tervals. 

After a number of preliminary experiments, a litter of 3 females 
and 1 male was selected to start a line, all females and males (ise, 
those used for breeding) of which received thymus gland extract in 
each generation. Of the 3 original females, 1 died at 4 months, with 
no offspring, 1 at 6 months, having had 1 litter of 4, and the third at 
21 months, having had 3 litters totalling 15 young. This mouse 
developed a tumor at 20 months of age. The progeny in succeeding 
generations are listed in Table I. It will be seen that contrary to the 
expected increase in number and size of litters, the fertility in the 
second generation decreased markedly, and only 3 third-generation 
females were born. These 3 females were sterile. 

Birth weights and growth increments of young in the F,, F, and F, 
generations were well within the normal range as compared with the 
controls. There was no evidence of developmental precocity. 

Mammary gland tumors appeared at 20 months in the Fy female 
which had had 3 litters and at 24 months in 1 sterile F, female. 
Leukemia developed at 14 months in 1 sterile F; female. Thymus 
gland extract, therefore, did not inhibit the onset of spontaneous 
tumors in mice which had received it over a considerable part of their 
life span. Because of decreased fertility, the number of animals 
available for the observation of tumor incidence was too small to 
permit drawing any other conclusions. Nineteen females of the ex- 
perimental group survived to tumor age and only 3 of these had been 
fertile. Injections of extract into 1 female with spontaneous mam- 
mary cancer had no noticeable effect on the tumor. 

From the findings of Rowntree, et al., the potency of thymus gland 
extract appeared (at the time these experiments were started) to be 
linked with its sulfhydryl content. Based upon this consideration, a 
parallel experiment was carried out with p-thiocresol.* This choice 
was determined by the reports of Reimann’ and Reimann and Ham- 


* The p-thiocresol was obtained from the Eastman Kodak Company and made 
up as described by Reimann;? i. ¢., 0.01 g dissolved in 5 ce of 95% ethyl alcohol, 
to which was added 100 ce distilled water, a dilution of approximately 1:10,000. 
Intraperitoneal injections of 0.5 ce of this solution were given 3 times weekly. 

3 Reimann, Stanley P., J. A. M. A., 1930, 94, 1369. 
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mett* concerning its stimulating effect on wound healing and cell 
proliferation, and by the work of Hammett® ° on the action of the 
SH-radical in stimulating mitosis. 

In this experiment p-thiocresol was injected into 5 generations of 
Line A albino mice from weaning at 21 days of age throughout their 
breeding period. The material was not toxic and the mice withstood 
the injections well. No change in fertility, growth or development 
ensued and there was no significant difference in cancer incidence in 
the 5 generations of treated animals or between treated mice and stock 
Line A females of similar breeding history. 

Injections of p-thiocresol were likewise given to 10 mice with 
inoculated tumors (tumor 478, an adenocarcinoma which grows 
progressively on inoculation into Line A strain mice) to test the effect 
of the material on the growth of tumor cells. Treatment was begun 
while the tumors were still small. Daily injections of 0.5 cc 
p-thiocresol in 1:10,000 dilution were given intraperitoneally to 5 
and subcutaneously to 5. After 1 week, during which the tumors 
had grown at their normal rate, injections of p-thiocresol in dilution 
of 1:5000 were given in the same manner but on alternate days for a 
period of 10 days. All tumors grew steadily and there was no evi- 
dence of either stimulation or inhibition. 

Summary. Thymus gland extract was without stimulating effect 
on growth or development in Line A albino mice when injected in 
doses of 0.5 cc 3 times weekly from the time of weaning throughout 
the reproductive period. A marked lowering of fertility occurred in 
the second generation from treated parents and grandparents. There 
were only 3 third-generation females and these were sterile. This 
unexpected decrease in fertility resulted in too small a number of 
females surviving to tumor age to permit any conclusions as to the 
effect of thymus extract upon tumor incidence other than that it did 
not prevent their appearaiice or affect their growth. 

p-Thiocresol was without effect on fertility, growth or develop- 
ment of Line A albino mice and did not modify the occurrence of 
spontaneous tumors. It did not influence the growth of inoculated 
tumors. 


4 Reimann, Stanley P., and Hammett, Frederick S., Proc. Soc. Exp. Bron. anD 
Memp., 1929, 27, 20. 

5 Hammett, Frederick S., Protoplasma, 1931, 18, 331. 

6 Hammett, Frederick S., Arch. Path., 1929, 8, 575. 
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Spectacled Eye Condition in Rats.* 


J. J. OLeson, C. A. Etvenjem anp E. B. Hart. 


From the Department of Biochemistry, University of Wisconsin, Madison. 


In a previous paper we reported the occurrence of a specific de- 
ficiency syndrome in rats which was termed “spectacled eye condi- 
tion’”.* This condition was differentiated from acrodynia, paralysis 
and hemorrhagic disease. The eye erosions were cured by the fullers 
earth filtrate of liver extract but not by the eluate or crystalline vita- 
min Bs. Corn oil appeared to interfere with the production of the 
spectacled eye symptoms. In this paper we wish to report further 
studies on this condition. 

The ration used previously (ration Jz.) had the following compo- 
sition : sucrose 78%, purified casein 18%, and salts IV 4%, supple- 
mented with 1.2 mg thiamin, 2.0 mg riboflavin, 300 mg choline and 
300 mg nicotinic acid per kilo of diet. Two drops of haliver oil were 
given each rat per week.t The treatment of the animals and prepara- 
tion of the diet were as previously described.*. This ration was not 
entirely satisfactory for these studies as many rats failed to survive 
long enough to develop the specific symptoms desired. Consequently 
we sought a suitable supplement which would afford survival and a 
certain amount of growth and yet permit the development of severe 
deficiency symptoms. 

Two materials were tested at several levels, a dehydrated cereal 
grassi and a liver extract prepared by Dr. Klein.§ The results are 
shown in Table I and include the average weights at 5 weeks and the 
deficiency symptoms observed. These symptoms are identical with 
those already described in detail. In addition to the symptoms listed 


po 
* Published with the approval of the Director of the Wisconsin Agricultural 


Experiment Station. 

Supported in part by grants from the Wisconsin Alumni Research Foundation 
and the Works Progress Administration. 

1Oleson, J. J., Bird, H. R., Elvehjem, C. A., and Hart, E. B., J. Biol. Chem., 
1939, 127, 23. 

+ The thiamin, nicotinic acid and vitamin Bg were supplied by Merck and Com- 
pany, haliver oil by Abbott Laboratories and the alpha-tocopherol by Hoffman- 
LaRoche Company. 

t This is a dehydrated cereal grass furnished by the Cerophyl Laboratories, 
Kansas City, Missouri. 

§ This liver fraction (No. 36872) was furnished by Dr. David Klein, Wilson 


Laboratories, Chicago, Illinois. 
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TABLE I. 
Effect of Liver Extract and Grass on Growth and Symptoms. 
Wt at 
No. Initial 5 weeks, 
Ration Supplement of rats wt,g g Symptoms 
Jo9 1% L.E. 36872 2 41 71 Dermatitis, spectacled eye, 
paralysis, scaly ears, 
hemorrhagic disease. 
J29 2% L.E. 36872 2 41 104 Dermatitis, sl. spectacled 
eye 
Jo9 4% L.E. 36872 2 40 124 No symptoms , 
Jo9 1% grass 1109-5B 2 37 46 Dermatitis, paralysis 
Ja9 2900 ee LOS -5s 2 43 57 Dermatitis, paralysis, 
1 dead 
Jo9 4% ’’ 1109-5B 2 37 57 1 sl. dermatitis 
1 spectacled eye 
Jag 6% ’’ 1109-5B 2 36 64 No symptoms 
J29 8% ’? 1109-5B 2 38 Oo eas fs 


in the table, all of the rats showed severe scaly tails and paws, typical 
of linoleic acid deficiency and also the testicle atrophy in males and 
delayed vaginal openings in females reported by McKibbin, et al.’ 
The rats receiving the liver extract grew considerably better than 
those on the grass, which evidently lacks certain factors present in 
liver. Since the rats receiving ration Jz. plus 1% of the liver extract 
showed severe symptoms, this level was used for all of the assays 
reported in this paper. 

Rats receiving ration Joo plus 1% liver extract developed acro- 
dynia and the spectacled eye condition in about 6 weeks. The addition 
of 10 gamma of crystalline vitamin B, per rat per day cured the acro- 
dynia in about 3 weeks but the eye erosions remained unchanged. 
This further demonstrates the inactivity of vitamin B, in curing the 
spectacled eye syndrome. If vitamin B, crystals were fed from the 
beginning, the acrodynia was prevented and the onset of the eye 
condition was delayed somewhat, due to the increased food consump- 
tion of the rats, but when the condition developed it was as severe as 
in the other cases. 

Of the materials tested for their ability to cure the spectacled eye 
condition, corn oil proved to be the most active. Two or 3 drops of 
corn oil per day would heal severe eye erosions in 3 weeks. This 
supplement would also cure the scaly tails and cause the testes of the 
rats to return to normal. Alpha tocopherol was completely inactive 
at 50 gamma per week with respect to the eye condition or testes.” 

The fuller’s earth filtrate of liver extract was again found to be 
active, although the cures were slower than in the case of corn oil. 


2 McKibbin, J. M., Oleson, J. J., Elvehjem, C. A., and Hart, E. B., Proc. Soc. 
Exp. Bion. anp Mep., 1939, 41, 25. 
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Healing took place in 4 to 6 weeks when the filtrate, made by our usual 
method,’ was fed equivalent to 250 mg liver extract per rat per day. 

A purified concentrate of pantothenic acid was fed at a level fur- 
nishing 100 gamma of pantothenic acid per rat per day. This concen- 
trate, treated with alkali to completely inactivate the pantothenic acid, 
was also fed at the same level. The preparation of these fractions was 
described by Oleson, e¢ al.,° and their pantothenic acid content deter- 
mined by bacterial assay.* Both of these supplements showed equal 
activity, but appreciably less potency than the liver filtrate. Healing 
took place in about 8 weeks. This definitely eliminates pantothenic 
acid as the factor concerned. The results are given in Table II. 

From the evidence presented in this and our earlier work, we con- 
clude that there is present in liver extract a factor which prevents the 
characteristic erosions about the eyes in rats. Its relation to other 
factors which we have studied, namely pantothenic acid,* factor W,° 
and the factor preventing nutritional achromotrichia,® can be at 
least indicated. The slow activity of the pantothenic acid concentrate 
and the apparent stability of the spectacled eye factor to alkali elim- 
inates this vitamin. In our earlier work the spectacled eye condition 
was cured by filtrates having very little factor W potency,* which at 
least indicates that factor W is not concerned. The inability of corn 
oil to prevent nutritional achromotrichia (greying of the hair ) is indi- 
rect evidence that these 2 factors are not identical. Whether this fac- 
tor is identical with the so-called “accessory factor” in the filtrate, re- 
quired in addition to vitamin B, for the complete healing of acrodynia 


TABLE II. 
“<Spectacled eye’’ Preventing Potency of Supplements. 


No. Avg healing time, 
of rats Ration Supplement wk 
5 Jogo + Be + 1% ; 
liver extract Corn oil 3 
4 Jog + Be +1% ; 
liver extract Alpha tocopherol Inactive 
6 Jogo + Be + 1% 
liver extract Fuller’s earth filtrate 4-6 
2 Joo + Be + 1% : ; 
liver extract Pantothenic acid concentrate 6-8 
Zerades J Be 1 te eds eke 
liver extract Alkali inactivated pantothenic acid 
concentrate 6-8 


3 Oleson, J. J., Woolley, D. W., and Elvehjem, C. A., Proc. Soc. Exp. Bron. anp 
Mep., 1939, 42, 151. 

4 Snell, E. E., Strong, F. M., and Peterson, W. H., Biochem. J., 1937, 31, 1789. 

5 Elvehjem, C. A., Koehn, C. J., and Oleson, J. J., J. Biol. Chem., 1936, 115, /07. 

6 Oleson, J. J., Elvehjem,; C. A., and Hart, E. B., Proc. Soc. Exp. Bron. aNnp 


Mep., 1939, 42, 283. 
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is not certain as yet, but the action of corn oil suggests a possible 
relationship.” *® It is to be emphasized, however, that we observe 
these eye lesions in the complete absence of the symptoms of acro- 
dynia. The existence of eye erosions distinct from acrodynia has been 
recently reported by Gyorgy and Eckardt,”® but whether their “type 
IIT’ dermatitis is the same as the spectacled eye condition remains to 
be shown. The solution of the acrodynia problem may give the solu- 
tion to the “‘spectacled eye” problem. 

The fact that the scaly tail condition also appears in the rats which 
show the “‘spectacled eye” condition and the fact that corn oil cures 
both conditions suggests a possible relationship between these two 
conditions. However, it should be pointed out that liver extract and 
liver extract fractions cure the spectacle eye condition without produc- 
ing any effect on the scaly tail condition. It should also be pointed out 
that McKibbin, et al.,? have produced the scaly tail condition on diets 
containing 4% liver extract which supplies ample amounts of the 
“spectacled eye’ factor. 

Summary. The curative action of corn oil in healing the “spec- 
tacled eye” condition has been demonstrated. The identity of the 
factor in liver which prevents these symptoms with the other mem- 
bers of the vitamin B complex has been discussed. Direct and indi- 
rect evidence is offered that, besides the crystalline vitamins contained 
in the ration, the factor concerned is not identical with pantothenic 
acid, factor W and the factor preventing nutritional achromotrichia. 
A possible relationship of this factor to the so-called “accessory 
factor” preventing acrodynia and of this condition to the “type IIT’ 
dermatitis of Gyorgy and Eckardt is pointed out. Further, the rela- 
tion of this condition to the deficiency of the essential fatty acids is 
discussed. 


7 Birch, T. W., J. Biol. Chem., 1938, 124, 775. 

8 Gyorgy, P., J. Am. Chem. Soc., 1938, 60, 983. 

9 Kuhn, R., and Wendt, G., Ber. Deutsch. Chem. Gesell., 1938, 71, 780. 
10 Gyorgy, P., and Eckardt, R., Nature, 1939, 144, 512. 
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Plasma Electrolytes as Affected by Insulin and by Varying 
Partial Pressures of Atmospheric Gases. 


Mivprep R. ZIEGLER. (Introduced by I. McQuarrie. ) 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


In recent studies on the mechanism of insulin convulsions in which 
the decreases in plasma potassium and inorganic phosphorus, as well 
as the degree of hypoglycemia, were measured at regular intervals, it 
was found that the level of blood sugar alone bears a constant rela- 
tionship to the convulsion. Further experiments on the effects of 
varying partial pressures of atmospheric gases, O., N2 and CO,, 
showed that a drastic lowering of the O, content or a marked increase 
in the CO, of the respired air tended to prevent insulin convulsions 
entirely or greatly to delay their onset in the normal fasting dogs, 
even when the blood sugar was depressed to levels as low as or lower 
than those previously observed in the same animals before convul- 
sions.” The latter finding indicates that some other factor in addition 
to hypoglycemia plays a role in the mechanism of insulin convulsions. 

In the hope of obtaining further information on this phase of the 
problem, the present studies pertaining to changes in the plasma elec- 
trolyte patterns under the foregoing conditions were undertaken. 
The procedure followed was that of determining the various electro- 
lytes of the plasma before and at regular intervals after administra- 
tion of convulsive doses of insulin to fasting unanesthetized dogs, 
first in room air and subsequently in the various abnormal atmos- 
pheres referred to above. No 2 experiments on the same animal 
were carried out at intervals shorter than one week. The plasma 
electrolyte patterns were determined as follows: 12 times in 5 nor- 
mal fasting dogs in room air; 3 times in 3 of the same dogs between 
210 and 240 minutes after administering convulsive doses of insulin 
but before convulsions occurred; twice in 2 of the dogs 15 minutes 
following the insulin convulsion; 3 times in 3 of these animals after 
150 minutes in a tent containing approximately 5% O, and 95% 
CO, ; twice under the latter conditions on 2 of the same dogs but with 
the administration of previously determined convulsive doses of 
insulin ; twice in 2 dogs after 150 minutes in an atmosphere containing 


1 Ziegler, Mildred R., and McQuarrie, Irvine, Proc. Soc. Exp. B1oL. AND Mep., 


1938, 39, 142. 
2 McQuarrie, Irvine, and Ziegler, Mildred R., Proc. Soc. Exp. Bron. AnD Mzp., 


1938, 39, 525. 
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PLASMA ELECTROLYTE PATTERNS AS EFFECTED By VARIouS FACTORS 
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Plasma electrolyte patterns as affected by breathing atmospheres of various con- 
centrations of Og and CO, with and without large doses of insulin. 
approximately 15% CO:, 20% O, and 65% N, and twice in the latter 
animals under the same conditions but with the administration of 
large doses of insulin. Convulsions did not occur during any of the 
experiments in which the animal was made to breathe the low O, or 
high CO, atmospheres. 

For the sake of brevity and clearness the results are presented in 
graphic form in Fig. 1. Since the data from similar experiments 
were found to be consistent, average values obtained under the various 
conditions involved were employed in construction of the figure. 
Comparison of the different columns in the figure, which represent 
total values for the individual bases and acids of the plasma, shows 
the following changes, due to the various experimental conditions. 
Comparing the data for each of the experiments with those shown 
for the composite normal control shows that insulin in convulsive 
doses causes a fairly marked decrease in potassium and inorganic 
phosphorus and moderate decreases in plasma carbon dioxide content 
and protein. The sodium, calcium, magnesium and chloride re- 
mained practically unchanged, whereas the undetermined acid frac- 
tion is moderately increased. Fifteen minutes after the insulin con- 
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vulsion the inorganic phosphorus was found to have risen somewhat, 
the sodium was slightly increased over the preconvulsive level and 
the undetermined acid fraction increased still more. The most strik- 
ing effect of breathing an atmosphere containing 5% O, was a fairly 
marked decrease in potassium, phosphorus and carbon dioxide con- 
tent. The sodium, calcium, magnesium and protein were quite 
unaffected. The undetermined acid fraction was considerably in- 
creased. When insulin was given in large doses while the animals 
were left in the atmosphere containing 5% O, the sodium was in- 
creased by 8 milliequivalents per liter while both carbon dioxide con- 
tent and the inorganic phosphorus were greatly decreased. The po- 
tassium showed a moderate decrease, also. The undetermined acid 
fraction was greatly increased above normal. The electrolyte pattern 
for this latter type of experiment in which the animal did not have a 
convulsion shows a striking resemblance to that found shortly after 
an insulin convulsion. 

In contrast with the effects of anoxic anoxia the breathing of 15% 
CO, resulted in a slight increase in sodium, practically no change in 
potassium, calcium, magnesium, chloride and protein, but a signifi- 
cant increase in carbon dioxide content and a very marked rise in the 
inorganic phosphorus. The undetermined acid fraction remained 
essentially normal. Administration of insulin in large doses during 
the period of high CO, breathing caused but a slight increase in the 
undetermined acid fraction. The potassium and magnesium were 
moderately decreased. The sodium and phosphorus were moderately 
increased while the calcium, chloride, protein and carbon dioxide 
content remained unchanged. 

Breathing an atmosphere containing approximately 5% O, and 
95% N, or one containing 15% CO:, 20% O, and 65% Nz caused 
hyperglycemia in the normal animal. After adrenalectomy fairly 
marked hypoglycemia resulted from breathing the 5% O, atmosphere 
while slight hyperglycemia still resulted from breathing 15% COz. 
The effects of breathing an atmosphere containing but 5% O, on the 
plasma electrolyte pattern were found to be essentially the same in 
the adrenalectomized as in the normal animal. 

It may be concluded that the results of this study do not indicate 
the existence of any definite relationship between changes in the 
electrolyte pattern and the occurrence of convulsions due to insulin. 
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Influence of Specific Serum Therapy on Plasma Lipids in 
Pneumonia.* 


ALBERT V. STOESSER. 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


The author has thoroughly studied the changes which occur in the 
plasma lipids during acute infections in children. The investigations 
have included pneumonia. * The patients did not receive any specific 
treatment during the febrile period of the disease. It has been ob- 
served that there is a definite lowering of the values for total chol- 
esterol, total fatty acids, and phospholipids during the height of the in- 
fection as compared with the levels during convalescence. The drop in 
the total cholesterol is due to a marked fall in the ester cholesterol con- 
tent of the blood. The low total fatty acid values are accompanied by 
a definite reduction in the iodine absorption values resulting in a low 
iodine number for the serum fatty acids. The decrease in the phos- 
pholipid content of the serum is accompanied by a rise in the iodine 
absorption values for the phospholipid fatty acids. This rise is, how- 
ever, quickly followed by a marked fall so that toward the end of the 
height of the illness very low iodine numbers are obtained for the 
fatty acids of the phospholipids. 

The lipids have been closely followed during the convalescent 
period. It has been noted that the cholesterol values rise first to nor- 
mal and in some instances go above the normal range for a short 
period of time. The total fatty acids increase slowly during the first 
phase and more rapidly to normal during the last part of con- 
valescence. The phospholipids with the low iodine number of their 
fatty acids rise very slowly and do not reach the normal range until 
the patient has fully recovered and there is no residual infection. 

These observations in untreated patients during the natural course 
of the pneumonia prompted an investigation of the influence of 
serum therapy on the lipid changes. Three children were carefully 
selected for the preliminary study which is presented in this paper. 
The subjects were 6, 7, and 8 years of age, all ill with lobar pneu- 
monia due to the pneumococcus, Type I. They received the same 
dose of pneumococcus Type I serum—namely 40,000 units. It 


* This work was supported by a grant from the Medical Research Fund of the 
University of Minnesota and from the Mead Johnson and Company. 

1 Stoesser, A. V., and McQuarrie, Irvine, 4m. J. Dis. Child., 1935, 49, 658. 

2 Stoesser, A. V., Am. J. Dis. Child., 1938, 56, 1215. 
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was administered intravenously soon after admission of the child to 
the hospital. During the period of observation little medication was 
given to the patients. The administration of fluid or blood subcu- 
taneously, intramuscularly, or intravenously was not permitted. The 
first sample of blood was obtained just before the serum was given. 
At this time each child had only been ill from 24 to 48 hours and the 
temperature ranged between 40° to 40.5°C. The second sample was 
collected about 24 hours after the temperature had fallen to normal. 
The third and fourth blood samples were drawn on the fourth and 
seventh days of the afebrile convalescent period respectively. Each 
time the blood sample was collected, the patient was thoroughly ex- 
amined and a roentgenogram of the lungs was obtained. Bloor’s 
methods* * ° were used to determine the total, ester and free choles- 
terol values. The microgravimetric technic of Wilson and Hansen® 
was employed in studying the other serum lipids. The Rosenmund- 
Kuhnhenn method as described by Yasuda* was used to determine 
the iodine absorption of the serum fatty acids. 
The results are summarized in Table I. 


TABLE I. 

Plasma Lipids of Pneumonia Before and After Administration of Specific Serum. 
Case No. Total cholesterol Cholesterol esters Free cholesterol 
Mg per 100 ce serum 

: Mert) 2.02 21) Kee” Sead x BOD 
i als & 122 225 234 221 70 146 152 162 52 79 82 59 
2. B.S. 117 157 240 219 72 89 158 152 45 68 82 67 
ay BCC) 130 242 243 250 75 156 183 195 55 86 60 55 
Avg 123 208 239 230 72 130 164 169 50 77 74 60 


Totalfatty acids Iodine number Phospholipids Iodine number* 
Mg per 100 ce serum 


a eee) eee Ae Cm Da Are Be (Coe) AGB Cia 
1. P.H. 289 386 452 440 96 101 107 114 113 146 152 150 134 114 112 121 
2. B.S. 296 546 401 456 98 90101 93 99 126 116 126 109 113 107 1038 
3. D.C. 297 423 463 378 91 98 96 100 87 115 110 173 107 113 123 115 


Avg 294 451 438 424 95 96104 102 99 129 126 149 116 113 114 113 


* Todine number of the phospholipid fatty acids. 

A—Blood sample collected before serum administered. 
B—Blood sample collected 24 hours after temperature normal. 
C—Blood sample collected on 4th day of convalescence. 
D—Blood sample collected on 7th day of convalescence. 


3 Bloor, W. R., J. Biol. Chem., 1916, 24, 227. 

4 Bloor, W. R., and Knudson, Arthur, J. Biol. Chem., 1916, 27, 107. 
5 Bloor, W. R., personal communication to the author. 

6 Wilson, W. R., and Hansen, A. E., J. Biol. Chem., 1936, 112, 457. 
7 Hansen, A. E., Proc. Soc. Exp. Bou. AND Mep., 1939, 40, 376. 

8 Yasuda, M., J. Biol. Chem., 1931-32, 94, 401. 
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The similarity of the infections in the 3 subjects makes the results 
of the study most interesting. The cholesterol values were already 
subnormal before the specific serum was administered. The response 
to the single dose of serum was a drop in the temperature in each 
instance to normal within 12 to 24 hours, and one day later when the 
second blood sample was collected the total cholesterol and esters had 
already returned to the normal range. In case 2 the rise was not rapid 
and in this child the roentgenogram revealed a slight increase in the 
extent of the pneumonic process in the lung. However, after the 
fourth day of convalescence, all cholesterol values were normal and 
the roentgenograms showed complete resolution of the pneumonia. 

The total fatty acids and the phospholipids were slightly depressed 
before the administration of serum. Immediately following the fall 
in temperature, there was a rapid increase in the total fatty acids 
while the phospholipids rose more slowly. The iodine numbers of 
the total fatty acids and of the phospholipid fatty acids underwent 
very little change for the prompt response to serum therapy apparently 
prevented any marked drop. The intensity of the fat metabolism 
during pneumonia and the presence of bacterial toxins may be re- 
sponsible for the fall in the plasma lipids to abnormal levels. The 
early use of a specific serum tends to control this altered lipid metabo- 
lism which is present in acute infections such as pneumonia. 
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Lymph Flow from the Heart-Lung Preparation During Pul- 
monary Edema. 


Victor Lorser. (Introduced by M. B. Visscher.) 
From the Department of Physiology, University of Minnesota. 


The absence of demonstrable lymphatics beyond the alveolar ducts? 
suggests a factor in the rapid development frequently characterizing 
pulmonary edema. In the following experiments this anatomical fact 
was put to a functional test. 

In 4 dogs under nembutal anesthesia the thoracic duct was can- 
nulated one centimeter from the point of its entrance into the left 
subclavian vein. Following this, a Starling-Knowleton heart-lung 
preparation was made, and the thoracic duct tied off above the dia- 


1 Maximow, A. A., and Bloom, W., A Textbook of Histology, W. B. Saunders 
Co., 2nd Hd., 1934. 
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phragm. The cannula in the duct was connected with a saline-filled 
rubber tube terminating in a glass dropper, the tip of which was ad- 
justed to lie on a plane about 2 cm below the lowest level of the 
thoracic duct in the chest. The effluent was received into a graduated 
tube and its volume measured over 15-minute periods. Care was 
taken to keep the cannula free from clots. In 2 experiments chlorazol 
fast pink was administered (100 mg/kilo), rendering the lymph 
noncoagulable, and obviating the danger of intravascular clotting. 

Flow measurements were made until the pulmonary edema that 
develops spontaneously in the heart-lung preparation had assumed 
massive proportions. No increase in flow was noted as the edema 
developed, but rather a tendency to decrease as fluid was lost from the 
blood stream into the lungs. Addition of saline or fresh blood to 
the reservoir restored the flow temporarily. 

Any lymph collected from the thoracic duct in the preparation 
employed in these experiments can come only from the left side of 
the heart and the left lung. Moreover, since the bronchial vessels are 
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not being perfused, any pulmonary contribution must be made by the 
respiratory areas of the lung. But in view of the fact that flow was 
not augmented in spite of the development of massive pulmonary 
edema, it seems unlikely that alveolar tissue is provided with a 
mechanism for lymph drainage capable of conducting an appreciable 
flow. 
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In vitro Conversion of Prontosil-Soluble to Sulfanilamide by 
Various Types of Microérganisms.* 


WEsLEY W. SPINK, FRANK W. HurD AND JEAN JERMSTA. 
(Introduced by C. J. Watson.) 


From the Departments of Internal Medicine and Bio-Physics, The University of 
Minnesota, Minneapolis. 


Fuller? has shown that both prontosil and prontosil-soluble are 
partly converted to sulfanilamide in the body. He also demonstrated 
im vitro that stannous chloride and sodium hydrosulphite could reduce 
prontosil-soluble to form sulfanilamide and amino-acetylamino- 
naphthol-disulphonic acid. When he gave prontosil-soluble to normal 
mice, only one-fourth appeared in the urine as sulfanilamide, whereas 
in mice infected with hemolytic streptococci and given prontosil- 
soluble, nearly one-half was excreted as sulfanilamide. Bliss and 
Long’ succeeded in completely reducing prontosil-soluble in vitro 
with cysteine hydrochloride, and the resultant product proved to be 
actively bacteriostatic for hemolytic streptococci. They also observed 
that hemolytic streptococci and a strain of anhemolytic streptococcus 
were capable of decolorizing prontosil-soluble.* 

Our purpose is to show that various types of bacteria are capable 
of converting prontosil-soluble to sulfanilamide. Under standard 
conditions, the facility with which this change takes place varies with 
different microorganisms. While such compounds as stannous 
chloride actually reduce prontosil-soluble to form free sulfanilamide, 
the mechanism is not as clearly defined whereby the conversion is 


* Aided by a grant from the Graduate School of the University of Minnesota. 

1 Fuller, A. T., Lancet, 1937, 1, 194. 

2 Bliss, E. A., and Long, P. H., Johns Hopkins Hosp. Bull., 1937, 60, 149. 

3 Long, P. H., and Bliss, H. A., Clinical Use of Sulfanilamide and Sulfapyridine 
and Allied Compounds, 1939, 89. 
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accomplished by a biological system. It would appear that micro- 
organisms achieve the same end result by reduction. 

In seeking a standard method for quantitating this conversion 
power of bacteria, different procedures were tried. At first, a method 
described by Quastel and Whetham was used.** ‘Resting cultures” 
of organisms were prepared by seeding a culture in broth, and allow- 
ing growth to proceed for 2 days. The broth culture was then cen- 
trifuged, the sediment washed 5 times in sterile distilled water, and 
aerated overnight to remove any oxidizable substance. Nitrogen was 
then bubbled through the concentrated culture to remove the oxygen. 
The sample was then diluted to a volume of 10 cc with distilled water. 
A one percent aqueous solution of glucose was used as the hydrogen 
donator. That concentration of an aqueous prontosil-soluble solu- 
tion was used which yielded a 1 to 10,000 concentration of sulfanil- 
amide when completely decolorized. Into a sterile pyrex test tube was 
placed 1 cc of culture, 1 cc of prontosil-soluble solution, 1 cc of glu- 
cose solution, 1 cc of 7.2 phosphate buffer, and 3 cc of distilled water. 
A control tube contained all the foregoing materials except that a 
molecular equivalent of an aqueous methylene blue solution was 
substituted for prontosil-soluble. The tubes were evacuated with a 
motor-driven vacuum pump, and then sealed in a gas-oxygen flame. 
The tubes were incubated in a water bath at 37°C. Under these con- 
ditions, several strains of staphylococci decolorized the prontosil- 
soluble and methylene blue solutions. The methylene blue solution 
was reduced in all instances within a very few minutes, whereas 
decolorization of the prontosil-soluble took several hours, and in some 
observations, days. 

A more simple and effective method was finally adopted. Organ- 
isms were grown in peptone-broth media, with the exception of 
hemolytic streptococci, and Streptococcus viridans, in which cases 
brain-broth was used. The broth cultures were centrifuged, and the 
organisms resuspended in 5 cc of peptone-broth or brain-broth. The 
following were added to a sterile test tube: 0.1 cc of resuspended 
culture, 0.1 cc of aqueous prontosil-soluble solution (diluted to give 
a 1 to 10,000 concentration of sulfanilamide when completely 
decolorized) and 3.4 cc of broth. Control tubes were set up con- 
taining the same materials, except that methylene blue  solu- 
tion was substituted for prontosil-soluble in one tube, and in 
another tube organisms were omitted. The tubes were stoppered 
with cotton plugs, and incubated in a water bath at 37°C. The tubes 


4 Quastel, J. H., and Whetham, M. D., Biochem. J., 1925, 19, 520. 
5 Quastel, J. H., and Whetham, M. D., Biochem. J., 1925, 19, 645. 
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were examined at frequent time intervals for evidence of decoloriza- 
tion of the prontosil-soluble and methylene blue. 

It was assumed that when complete decolorization of the prontosil- 
soluble took place, free sulfanilamide was one of the products formed. 
Ina series of 7 observations, the contents of tubes showing complete 
decolorization were centrifuged, and the amounts of free sulfanila- 
mide in the supernatant fluid were determined by the colorimetric 
method of Marshall and Litchfield. This method depends upon 
diazotizing the sulfanilamide, and then coupling it with dimethyl- 
alpha-naphthylamine to form a purplish red dye. The spectral dis- 
tribution courve of this dye solution was obtained with the use of the 
spectrophotometer, and was compared with the absorption curve for 
pure sulfanilamide, after it was diazotized and coupled in the same 
manner. The spectral distribution curves were the same for both 
solutions, 

Twenty-two cultures of microdrganisms were used in this study. 
The 6 strains of hemolytic streptococci belonged to Lancefield’s 
Group A, and were supplied to us by Dr. F. Heilman of the Mayo 
Clinic. Several of the other cultures that were used were obtained 
from Dr. W. P. Larson of the Department of Bacteriology at the 
University of Minnesota. 

The results are tabulated in Table I. It is noted that the organ- 
isms varied in their ability to decolorize prontosil-soluble. While 


TABLE I. 
Decolorization of Prontosil-soluble Solution by Various Microérganisms. 


Total Hours of Incubation and 


Organism Degree of Decolorization 
Staph. aureus No. 24 93—complete 
2 ues »? 104 58—50% 
aes hie sate AS 181%4—complete 
”? >? ” 95 990— ” 
9 ”? ? 107 Al ” 
9 ) ”? 16 oo x) 
Hem. strept. ’’ 39 72—less than 10% 
a? ”? a? 43 Ep —— a? ?) 10% 
a) 7) 2) 57 —— >? ” 10% 
9 ) >” 33 i Lied a) 10% 
2 ” 245/38 118—40% 
eg ee 2 ANG 20—complete 
Strept. viridans 20— ” 
B. subtilis No. 1 24 
oe) ” ” > 92 1%4—none 
B. proteus ?’ 1 18—complete 
a? >? ke) 9 173 ” 
B. pyocyaneus No. 1 20—-  ” 
7) hie} >” 2 99 ”? 
B. coli communis 2(—— es 
»?  ??  communior 96—60% 
D4 (Unidentified Gram neg. Bac.) 16—complete 


6 Marshall, E. K., Jr., and Litehfield, J. T., Jr., Science, 1938, 88, 85. 
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many strains produced the same change, the elapsed time necessary 
for complete decolorization varied considerably. When organisms, 
with the exception of the streptococcus, were suspended in a 2% 
aqueous solution of peptone instead of peptone-broth, there was a 
diminution in the speed and degree of decolorization.t A concentrated 
suspension of organisms yielded more complete decolorization than 
an unconcentrated suspension. Conversion was more rapid and com- 
plete in the presence of oxygen than under anaerobic conditions. Pre- 
sumably, oxygen favored the growth of the organisms, which in 
turn produced a greater supply or greater activity of enzyme. There- 
fore, the optimum conditions for the in vitro conversion of prontosil- 
soluble depended upon a large inoculum of bacteria, the most favor- 
able media for growth, and an available source of oxygen. 

It is of interest that anaerobic conditions favored a more effective 
reduction of methylene blue. This difference in behavior between the 
2 dyes may be partly explained on the basis that the decolorization of 
methylene blue is a reversible phenomenon, whereas it is irreversible 
for prontosil-soluble. 

Completely decolorized prontosil-soluble solution yielded 10 mg 
per 100 cc of free sulfanilamide when determined by the method of 
Marshall and Litchfield.® 

Summary. Different strains of bacteria vary in their ability to 
decolorize prontosil-soluble. It was shown that it was more difficult 
for microorganisms to decolorize prontosil-soluble than methylene 
blue. 
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Functional Spinal Cord Regeneration in Adult Rainbow-Fish. 


Joun H. Kez. (Introduced by Davenport Hooker. ) 


From the Department of Anatomy, University of Pittsburgh School of Medicine, 
Pittsburgh, Pa. 


Studies on the regenerative capacity of teleosts have given con- 
flicting results. Koppanyi and Weiss* reported functional recovery 
and morphological reconstruction in the severed spinal cord of the 
adult goldfish. The return of function after spinal section in adults 


t The difference in conversion-power of hemolytic streptococci, when compared 
to the other strains of microdrganisms studied, may be due in part to the media 
used for the streptococcus, although brain-broth did not appear to affect the action 
of a strain of Streptococcus viridans. 

1 Koppanyi, T., and Weiss, Paul, Anz. d. Akad. d. Wissen, Wien., 1922, 7, 206. 
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of this fish was further substantiated by Pearcy and Koppanyi.’ 
However, Hooker? was unable to demonstrate either functional or 
morphological regeneration in adult goldfish after spinal section. 
Nicholas‘ failed to demonstrate morphological regeneration following 
section of the cord in Fundulus embryos, but Hooker® was able to 
show both functional and morphological restitution in the rainbow- 
fish when the cord had been severed during the first 4 days after 
“birth”. Tuge and Hanzawa® proved both functional and morpho- 
logical regeneration after spinal section in adult Japanese rice- 
minnows. 

To further test regenerative capacity of the spinal cord in teleosts, 
the cord was transected in 132 adult rainbow-fish (Lebistes reticu- 
latus). Females were used because the males are too heavily pig- 
mented for satisfactory translumination. The transluminated cord 
was cut with a narrow, thin-bladed knife under a binocular Greenough 
microscope, either just cephalic to the dorsal fin or at its caudal 
border. 

Those which survived operation more than 24 hours (104 indi- 
viduals) were observed and tested for reflexes at 24- to 48-hour in- 
tervals, for as long as 41 days in some cases. 

The completeness of transection was evidenced by paralysis behind 
the lesion, drooping and loss of active motion in the caudal fin and 
appearance of the avoiding reaction described by Hooker.’ To select 
fish with complete operations but to rule out extensive damage to 
structures other than the spinal cord, complete paralysis behind the 
lesion and a bilateral avoiding reflex were required. These condi- 
tions were fulfilled by 59 individuals, the others were considered to 
have incomplete operations (paralysis incomplete) or extensive 
damage to other structures (unilateral or absent avoiding reflex). 
The dorsal fin reflex, described by Tuge and Hanzawa’ and con- 
sidered by them to be pathognomic of spinal section in the Japanese 
rice-minnow, was discarded as a criterion because it can be evoked in 
normal rainbow-fish. 

Of the 59 fish considered definitely spinal, 20 showed melanophoric 
expansion in the paralyzed area, 29 showed no color change, and in 
10 there was a distinct loss in color. 


2 Pearcy, J. F., and Koppanyi, T., Proc. Soc. Exp. Bion. anp Mep., 1924, 
Path ANE 

3 Hooker, Davenport, Proc. Soc. Exp. Bion. AND MED., 1930, 28, 89. 

4 Nicholas, J. S., Proc. Nat. Acad. Sci., 1927, 18, 695. 

5 Hooker, Davenport, J. Comp. Neur., 1932, 56, 277. 

6 Tuge, H., and Hanzawa, S., J. Comp. Neur., 1937, 67, 343. 

7Tuge, H., and Hanzawa, S., Sci. Repts. Tohoku, Imp. Univ., Biol., 1935, 10, 
589. 
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Return of function was evidenced by the appearance of an occa- 
sional flexion of the tail and either normal spreading of the caudal 
fin or its active motion (side to side fanning or its minute undulating 
motion constantly present in the normal fish). At first these signs 
were present only for short periods, following stimulation or when 
appearing spontaneously. These activities gradually became more 
constant, more forceful and better coordinated. In a few cases, the 
behavior ultimately closely approached that of the normal fish. The 
interval between operation and the first evidence of returning func- 
tion varies greatly. In 3 fish such evidence appeared on the third day 
after operation ; in 31 from the fourth to the sixth day; in 12 between 
the seventh and eleventh day. In addition, 13 others, observed for 7 
days or less and which were among those sacrificed at intervals after 
operation for morphological study, showed no evidence of returning 
function before terminal anesthesia and fixation. 

The evidence afforded by these observations indicates that the adult 
female of the rainbow-fish, Lebistes reticulatus, exhibits a high 
capacity for functional restoration following section of the spinal 
cord. 
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Changes of Choline Esterase at End Plates of Voluntary Muscle 
Following Section of Sciatic Nerve. 


R. CouTEAUX AND D. NACHMANSOHN.* (Introduced by J. F. 
Fulton. ) 


From the Lab. d’ Anatomie comparée et de Physiologie générale de la Sorbonne, 
Paris. 


Choline esterase, present throughout the body, exists in especially 
high concentrations at the end plates of striated muscle, in the 
synapses both of the central nervous system and of the sympathetic 
ganglia.» The concentration in these 3 foci is sufficiently high to 
satisfy the requirements of the theory that acetylcholine (ACh) may 
be involved in the transmission of nerve impulses from neurone to 
neurone or from neurone to striated muscle fibre. The alterations 
in enzymatic concentration which occur after the nerve endings dis- 
appear have been investigated. 

* Now at the Laboratory of Physiology, Medical School, Yale University. 


1 Marnay, A., and Nachmansohn, D., J. Physiol., 1938, 92, 37. 
2 Nachmansohn, D., Bull. Soc. Chim. Biol., 1939, 21, 761. 
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It has been found in guinea pigs that section of the sciatic nerve 
is followed by a rise in concentration of choline esterase in the gas- 
trocnemius muscle. The Q.Ch.E. (mg ACh hydrolyzed per hour by 
100 mg of fresh tissue) depends to a large extent on the number of 
end plates per unit of weight because of the high concentration of 
enzyme at these points. It was thought that the increase in choline 
esterase might be due to the decrease in volume of muscle fibers, 
leading to an increase in the number of fibers per unit of weight and 
consequently in number of end plates or more precisely “‘sole-plates” 
which persist after the nerve endings have disappeared. If the 
volume of fibers decreased and the Q.Ch.E. increased at the same 
time to the same extent it would imply that the enzyme concentration 
at the end plates remained practically the same. 

Determinations of the volume of fibers, carried out 1-3 weeks 
after denervation show that the decrease fully accounts for the ap- 
parent increase of enzyme concentration. The rise of concentration 
actually is not quite as great as the corresponding diminution of 
volume. 

The total amount of enzyme in the muscle decreases, the loss of 
weight being more important than the increase in concentration. 
Subtraction of the amount of enzyme present in muscle fibers from 
the total amount permits an approximate estimation of the amount 
of enzyme present at the end plates after section of the sciatic. 
During the first 2 weeks at the end of which nerve endings have 
disappeared, no measurable decrease of the enzyme concentration 
at the end plates occurs. Since during this time the enzyme concen- 
tration in the peripheral part of the cut sciatic falls by 50%, it can 
be assumed that with the disappearance of nerve endings some enzyme 
disappears, but that the amount is small compared with the large total 
amount of enzyme present at the end plates outside the nerve endings. 
After 3-4 weeks the enzyme at the “sole-plates’ has decreased by 
about 30-40%. But a high concentration still persists and remains 
there for months. 

The persistence of the enzyme at the end plates of denervated 
muscle can be demonstrated by a direct method based on a special 
arrangement of the nerve in the interior section of the gastroc- 
nemius: The nerve spreads through nearly the whole muscle at one 
level only, situated in the midst of the muscle except for its entrance 
and its termination. In the middle third of this muscle all nerve 
fibers as well as the endings are situated in the middle zone. If this 
third is cut in slices with a freezing microtome the slices near the 


3 Marnay, A., and Nachmansohn, D., C. R. Soc. Biol. Paris, 1937, 126, 785. 
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Fig. 1. 

Concentration of choline esterase in the middle portion of the interior section of 
a guinea pig’s gastrocnemius cut in 11 slices of similar thickness and weight. Hach 
horizontal line corresponds to one slice and indicates its weight in % of the total 
weight. Abscisse: Region from which the tissue was obtained in terms of order 
of consecutive slices. Point 50 corresponds to the center region where the nerve 
endings are situated. Ordinates: Q.Ch.E. 
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Fig. 2. 

Concentration of choline esterase in the middle portion of the interior section 
of a guinea pig’s gastrocnemius cut in 11 slices of similar thickness and weight, 
14 days after section of the sciatic. Hach horizontal line corresponds to one slice 
and indicates its weight in % of the total weight. Abscisse: Region from which 
the tissue was obtained in terms of order of consecutive slices. Point 50 corre- 
sponds to the center region where the nerve endings are situated. Ordinates: 
Q.Ch.E. 
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upper and lower surfaces are practically free of nerve endings 
whereas those of the middle zone contain a large number. Deter- 
minations of choline esterase in these slices show a high concentration 
in the middle zone as compared with low concentration in the 2 nerve- 
less zones. Fig. 1 gives the results obtained from the slices which 
are arranged in the order in which they were cut. The results con- 
firm previous observations on frog sartorius. After denervation 
and the disappearance of nerve endings the concentration of the 
enzyme in the middle zone remains as high as before (Fig. 2). 

The results indicate that the main bulk of the enzyme at the end 
plates is located outside the nerve endings. With their disappear- 
ance only a small amount disappears, which cannot be estimated. 
Later the enzyme concentration decreases to a certain extent but 
still remains high. Regeneration of the muscle fibers leads to an 
increase both of the concentration and of the total amount of the 
enzyme. 

Bruecke observed a decrease of choline esterase in the superior 
cervical ganglion of cats after section of the preganglionic fibers and 
concluded that there was a high concentration inside the nerve 
endings.* These observations were qualitative estimations. Quan- 
titative determinations confirming Bruecke’s results, show that during 
the time when the nerve endings disappear the choline esterase de- 
creases by about 60% (Fig. 3), which apparently indicates a high 
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Fig. 3. 
Decrease of choline esterase in the superior cervical ganglion of cats, after 
section of the preganglionic fibres. Abscisse: Days after section. Ordinates: 
Amount of enzyme in % of the initial amount. 


4 Bruecke, F. v., J. Physiol., 1937, 89, 429. 
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amount localized inside the nerve endings. But then the enzyme 
power remains constant. After 5 weeks the same value was obtained. 
The Q.Ch.E. falls from the normal 40-60 to 20-25. This latter value 
is still very high. It is difficult to explain such a high value by the 
presence of the remaining fibers and cell bodies. There is reason to 
assume that considerable fraction of this enzyme is concentrated 
around the endings of preganglionic fibers and persists there as in 
the case of striated muscle. Even a fraction of the persisting enzyme 
if localized at the synapses would be sufficient to split during the 
refractory period the amount of ACh liberated at this ganglion by 
stimulation of preganglionic fibers. 

The main difference between neuro-muscular junctions and gan- 
glionic synapses seems to be that in the latter a greater fraction of 
the enzyme is localized inside the nerve endings. The disparity may 
be related to the powerful end arborization of preganglionic fibers 
which is not paralleled by that of the motor nerve endings of guinea 
pigs. The increase of the Q.Ch.E. of preganglionic fibers from 5.0 
to a several times higher value at the nerve endings in the ganglion 
may indicate that the enzyme is localized near surfaces. 
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Effect of Urine from Gastrectomized and Duodenectomized 
Dogs on Gastric Secretion. 


M. H. F. FrrepMAn, H. C. SALTZSTEIN AND A. A. FARBMAN.* 
(Introduced by T. L. Patterson. ) 


From the Department of Physiology, Wayne University College of Medicine, and 
Laboratories of Experimental Surgery, Harper Hospital, Detroit, Michigan. 


Previously we reported that from the urine of normal individuals 
there can be extracted a substance which inhibits gastric secretion 
when administered intravenously” * but not when administered sub- 
cutaneously” in the same dose. Ivy and his coworkers’ and Necheles* 


* With the assistance of R. O. Recknagel and H. M. Podolsky. 

1 Friedman, M. H. F., Recknagel, R. O., Sandweiss, D. J., and Patterson, T. L., 
Proc. Soc. Exp. Biot. AND Mep., 1939, 41, 509. 

2 Sandweiss, D. J., Saltzstein, H. C., and Farbman, A. A., Detroit Physiological 
Soc., March 3, 1938; A.M.A., San Francisco Meeting, June 17, 1938; also Am. J. 
Digest. Dis., 1939, 6, 6. 

3 Gray, J. S., Wieczorowski, E., and Ivy, A. C., Science, 1939, 89, 489. 

4 Necheles, H., personal communication to Dr. D. J. Sandweiss, June 30, 1938; 
also Necheles, H., Hanke, M. E., and Fantl, E., Proc. Soc. Exp. Bion. AND Mgp., 


1939, 42, 618. 
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have also studied the inhibition of gastric secretion by extracts of 
normal urine. An investigation was undertaken to determine the 
source or the mechanism of the body which is responsible for the 
elaboration of the active secretory depressant principle found in 
the urine. The possibility that the secretory depressant is formed 
in the gastrointestinal tract and is concerned with the autoregulation 
of gastric secretion is obvious. That the substance may be entero- 
gastrone excreted in the urine was the suggestion put forward by 
Ivy and coworkers.® 

We reasoned that if the gastric secretory depressant is of gastric 
origin, this would be shown in a study of urine extracts prepared from 
patients with extensive inoperable carcinoma of the stomach or from 
patients with pernicious anemia. However, both types of urine 
extract inhibited gastric secretion just as did the normal urine ex- 
tract. Accordingly, we resorted to the preparation of urine ex- 
tracts from duodenectomized and from gastrectomized dogs. The 
collection of urine from these dogs was begun 3-4 weeks after the 
operation. This long interval between the operation and collection of 
urine insured depletion of possible stores of the substance in the body 
as well as obviated the early depressing effects of the operation. 

Method: The benzoic acid adsorption procedure of Katzman and 
Doisy® for obtaining the gonadotropic hormone in pregnancy urine 
(Antuitrin-S) was employed in preparing the human and canine 
urine extracts used in our study. Assays were made on vagotomized 
dogs under nembutal anesthesia. Gastric juice was obtained by 
fistula from the whole stomach, contamination by oesophageal and 
intestinal secretions being prevented by ligation of the oesophagus 
and pylorus. Gastric secretion was stimulated by hourly subcu- 
taneous injections of histamine phosphate (0.1 mg per kilo per hour). 
Urine extracts were administered intravenously at the end of the 
second hour. Because dog’s urine is more concentrated than human 
urine, the extracts were administered in terms of original volume of 
urine rather than weight of extract. Rectal temperatures were taken 
at intervals throughout the course of the experiment, since “urine 
preparations under certain conditions cause a rise in body tempera- 
ture” as “they contain a pyrogen.’’’ 

Results. Extracts from both normal human and dog urine, given 
2 hours after the initial hourly injection of histamine, inhibited 


5 Friedman, M. H. F., Sandweiss, D. J., Recknagel, R. O., and Patterson, T. L., 
Anat. Record, 1939, 75, Sup., 53. 

6 Katzman, P. A., and Doisy, E. A., J. Biol. Chem., 1932, 98, 745. 

7Ivy, A. C., personal communication, Oct. 31, 1939. 
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markedly the secretion of gastric juice. Inhibition commenced within 
45 minutes and lasted for 3 or 4 hours. The percent inhibition during 
the 3-hour period following the administration of extract is shown 
in Table I. It is seen that the extracts of urine from duodenectomized 
and from gastrectomized dogs also inhibited secretion. The extracts 
were without effect on blood pressure and their inhibitory effects on 
gastric secretion were quite independent of the course of body (rec- 
tal) temperature. 
TABLE I. 
The inhibition of gastric secretion during the 3 hours following administration of 


urine extract is expressed as percent of the secretion in control experiments during 
the same period. 


Nature of urine No. of experiments % inhibition 
Control (no urine given) 9 0 
Human, Normal if 67.5 
Dog, Normal 5 63.0 

»? Gastrectomized 7 45.9 
»? Duodenectomized 4 56.0 
Human, Heat-inactivated 3 1.5 


Conclusion. An extract can be prepared from the urine of normal 
dogs which inhibits gastric secretion. The inhibitory principle is 
still present in the urine after removal of either the stomach or 
duodenum. 
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Hormonal Inhibition of Lactation.* 


R. P. Reece, J. W. Bartett, I. L. HATHAWay Anp H. P. Davis. 
(Introduced by C. W. Turner. ) 


From the Departments of Dairy Husbandry, New Jersey Agricultural Experiment 
Station and Nebraska Agricultural Experiment Station. 


In a previous communication’ it was reported that the daily in- 
jection of 100 r.u. of a gonadotropic principle during the first 5 
days of the lactation period in the rat caused no inhibition of lacta- 
tion. Larger dosages and dosages over a longer period of time re- 


* Contribution from the Departments of Dairy Husbandry, Journal Series 
paper of the New Jersey Agricultural Experiment Station, and Nebraska Agricul- 
tural Experiment Station, Journal Series No. 256. 

1 Hathaway, I. L., Davis, H. P., Reece, R. P., and Bartlett, J. W., Proc. Soc. 
Exp. Bion. AND Mmp., 1939, 40, 214. 
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duced the rate of growth of the young 22 to 33%. Earlier work® ® * 
showed that estrogens were less effective in inhibiting lactation in 
the ovariectomized rat than in one with ovaries intact. These results 
stimulated interest in attempting to determine whether or not the 
effectiveness of estrogens in inhibiting lactation could be augmented 
through simultaneous administration of a gonadotropic principle and, 
if possible, the route of the inhibitory action. 

Fifty-six lactating rats and their litters were used in this study. 
The number of young in the litters was fixed at 6, and daily weigh- 
ings were made. The diet fed was the same as that reported in a 
previous paper.’ It was decided to use as a criterion for the inhibition 
of lactation the failure of a litter to gain weight on 3 successive days. 
Seventeen lactating rats, designated hereafter as Group I, were in- 
jected daily with 200 r.u. of a gonadotropic principle from pregnant 
women’s urine (Antuitrin-St) plus 100 r.u. of an estrogen ( Progy- 
non-By). Group II contained 17 lactating rats that received daily 
100 r.u. of Progynon-B. In Group II 5 lactating rats were in- 
jected daily with 200 r.u. of Antuitrin-S. Seventeen lactating rats, 
Group IV, served as controls. When the young of a lactating rat 
in Group I failed to gain weight on 3 successive days they were re- 
moved, the lactating rat was injected with one gamma of colchicine 
per gram of body weight and sacrificed 9%4 hours later. For com- 
parative purposes a lactating rat from each of Groups II and IV, in 
the same stage of the lactation period as the rat from Group I, was 
given similar treatment. No experimental lactating rats received 
more than 10 injections. 

The ovaries and pituitaries were removed and weighed and the 
latter assayed for their lactogen content by injecting the tissue intra- 
dermally over the crop glands of common pigeons. Mammary glands 
were removed and fixed for study. 

In Group I, 16 of the 17 litters failed to gain weight on 3 successive 
days, 4 pups having died before reaching this stage. Five of the 17 
litters in Group II failed to gain weight on 3 successive days, one 
pup having died before reaching this stage. In Groups III and IV 
none of the litters failed to gain weight. On the 11th day of the 
lactation period the average weight of the remaining young in the 


2 Anselmino, K. J., and Hoffman, F., Zentralbl. f. Gynak., 1936, 60, 501. 

3 Reece, R. P., and Turner, C. W., Mo. Agr. Exp. Sta. Res. Bul., 1937, 266. 

4 Folley, S. J., and Kon, S. K., Proc. Roy. Soc., B, 1938, 124, 476. 

t We are indebted to Dr. Oliver Kamm of Parke, Davis and Company for the 
Antuitrin-S and to Dr. Erwin Schwenk of the Schering Corporation for the 
Progynon-B used in this study. 
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several groups was as follows: Group I, 9.7 g; Group II, 12.8 g; 
Group III, 17.3 g; and Group IV, 18.8 g. 

The ovaries of the rats in Group I (268.4 mg) were significantly 
heavier than those of the rats in Group II (73.6 mg) and Group IV 
(69.8 mg) while the pituitary glands from the rats in Group I (14.0 
mg) and II (14.2 mg) did not differ significantly yet they were sig- 
nificantly heavier than the pituitary glands of rats in Group IV 
(9.4 mg). 

The pituitary glands of the rats in Group I contained more lactogen 
than did those of Groups III and IV and nearly the same as did those 
in Group II. Pituitary glands from rats in Group II contained more 
lactogen than did the glands from rats in Groups III and IV while the 
lactogen content of the glands of rats in Groups III and IV was sim- 
ilar. The results are summarized in Table I. 

Microscopic examination of the mammary glands of animals in 
Groups IV (controls) and III (Antuitrin-S) revealed similar condi- 
tions. Mitotic figures were rarely observed and the lumina of the 
alveoli were distended with milk. Epithelial cells exhibiting arrested 
mitosis were occasionally found in the mammary gland of rats in 


TABLE I. 
Hormonal Inhibition of Lactation. 


Avg wt of 
remaining young 
Avg body wt on following 


following day of lac- Avg. No 
parturi- tation cycle, g Avg wtof B.U.t Ovarian 

No. of com- tion, Gr Tat a PitMibatyy p< per wt, 

Group* parisons g 1 6 11 mg pituitary mg 
If Lyf 236 Baya ey 14.0 27 268.4 
IV i 242 5.6 11.0 18.8 9.4 23 69.8 
if 17 236 DG Gh Were 14.0 26 268.4 
iff i 231 5.7. 10.4 12.8 14.2 27 73.6 
II 17 231 5.7 10.4 12.8 14.2 28 73.6 
IV } 242 5.6) 110 13:8 9.4 20 69.8 
Ill 5 245 Bey al alrics! ney 17 220.1 
IV i 243 bp 10:9 919'8 10.6 18 70.6 
III 5 245 if AKO RIE al efess: lal 15 220.1 
I i 242 BG} Rs to) 16.0 23 288.1 
III 5 245 yf alta. alles) Wile 19 220.1 
II } 244 yf TI) alee) 16.1 28 72.6 


*Group I received daily 200 r.u. of Antuitrin-S plus 100 r.u. of Progynon-B; 
Group II injected daily with 100 r.u. of Progynon-B; Group III injected daily 
with 200 r.u. of Antuitrin-S; and Group IV were the controls. 

+B.U.—Bird units. ; 

) Pituitary glands assayed in the same group of birds. 
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Group II (Progynon-B). The lumina of the alveoli were filled with 
milk. In marked contrast many mitotic figures were observed in the 
gland parenchyma of rats in Group I. The lumina of the alveoli 
usually contained very little milk, and in a few cases they were en- 
tirely absent. 

Conclusions. The effectiveness of estrogens in inhibiting lactation 
in the rat can be increased through simultaneous administration of a 
gonadotropic principle from pregnant women’s urine. Many cells in 
mitoses are observed in the mammary gland parenchyma of rats so 
treated. It is believed that this is the mechanism of the inhibitory 
action of these hormones on lactation. That is, one would not expect 
a proliferating gland to secrete as efficiently as a non-proliferating 
gland. The administration of an estrogen plus a gonadotropic prin- 
ciple to lactating rats augments the lactogen content of the pituitary 
gland. 
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Influence of Heredity and Environment upon Number of Tumor 
Nodules Occurring in Lungs of Mice. 


Ciara J. LYNcH. 


From the Rockefeller Institute for Medical Research. 


In previous publications it has been shown that the occurrence of 
lung tumors in mice is influenced by environment and also by 
heredity’ and that probably, in the strains studied, a single dominant 
Mendelian factor is concerned.*»* We emphasize, however, that 
our conception as to number of genes may be affected by further study 
of environmental conditions. The present paper deals with the in- 
fluence of heredity and environment upon degree of susceptibility 
among mice with tumor. 

The measure used, in this instance, to determine degree of sus- 
ceptibility, is the number of tumor nodules found in each individual. 
Although the counts covered only those nodules visible on the sur- 
face of the lung and obviously may not represent the total number 
possessed by the mouse, they are sufficiently accurate for our pur- 
pose. In Table I, comparisons are made of the number of lung 


1Lynch, C. J., J. Exp. Med., 1927, 46, 917; 1931, 54, 747; Occas. Publ. Am. 
Assn. Ad. Sct., 1937, 4, 22. 

2 Bittner, J. J., Pub. Health Rep., 1938, 50, 2197. 

3 Lynch, C. J., Third Internat. Canc. Cong., in press. 
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nodules occurring in mice from 2 strains living under ordinary labo- 
ratory conditions and also in mice from the same strains after treat- 
ment with tar. Various generations from a cross between these 
strains are also compared after tarring. Strain 1194 is a low 
tumor strain which has been under observation in our laboratory 
for many years, and this sample, which is characteristic, has only 
4.4% lung tumor among mice of all ages. Of 78 individuals with 
tumor, the very large majority had a single nodule though one mouse 
had as many as 7. On the other hand, Strain Swiss-8 has a higher 
percentage of tumor. In the group of 684 mice represented in the 
table, the tumor incidence was 43.9%. As to number of nodules, 
the range per individual was somewhat greater than in the first strain. 
Also the number of individuals with multiple nodules was, in a 
statistical sense, significantly greater among the Swiss-8 than among 
the 1194 mice (x? = 19.9 and P is <.01). The difference between 
strains is clear. 

It has been shown previously that certain treatment with chemicals 
increases the percentage of tumor mice though not equally so in all 
strains’ and it appears from the present experiment that the number 
of nodules per individual also may be increased by this means. When 
Strain 1194 was tarred, the tumor incidence increased from 4.4 to 
20.5% even though the treated mice were killed rather early (12-13 
months of age). In this strain the number of nodules was scarcely 
affected; the range in nodule number was about the same as in the 
non-tarred mice of this strain and about the same percentage of the 
tumorous animals had a single focus of malignant growth. The 
effect of tarring upon the Swiss-8 strain was more marked; of 51 
animals treated, all had tumor, all had multiple growths and the large 
majority had more than 10. Evidently the change in external factors 
caused a striking shift in the frequency of the nodules, possibly by 
lowering the threshold of susceptibility. While the Swiss-8 strain 
may not have been genetically uniform at the time this experiment 
was performed, there can be no doubt that the tar had an effect. The 
difference between the Swiss-8 and the 1194 strain is more pro- 
nounced when the mice are tarred and under this condition the in- 
fluence of both heredity and environment can be seen. 

In an attempt to get further evidence of the genetic effect besides 
that shown by the contrast between strains, these strains were crossed. 
None of the first hybrid generation from this cross was treated; 
however, in similar experiments to be reported later, the F, were 
intermediate as to number of nodules shown. Mice from the hybrid 
generation were crossed back to the low strain as well as to the high 
strain and were also inbred to produce an F, generation. Representa- 
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tives from the 3 groups thus obtained were subjected to tarring. 
The tumor rates may have been somewhat affected by parental varia- 
bility. When the cross was made to the low tumor strain the range in 
number of nodules per mouse approached that given by the low tumor 
parents and the class with a single tumor was the mode. On the other 
hand, crossing back to the high tumor strain resulted in progeny with 
a range in number of tumor foci as great—even slightly greater than 
that of the parental Swiss-8 strain. The F, generation, which was 
intermediate between the backcross groups in respect to percentage of 
tumor mice, was intermediate also in regard to range and distribution 
in number of nodules. If a mathematical comparison is made on the 
basis of the possession of more than 10 nodules, it is found that a 
significantly greater number of mice with more than 10 occurs 
among the F, than among the mice obtained by backcrossing to the 
low tumor strain No. 1194 (x? =7.22 and P is <.01), and that a 
significantly smaller number of such individuals occurs in the F, 
than among the mice from the backcross to the Swiss-8 (x? = 18.12 
and P is <.01). It is apparent that multiplicity of tumor nodules 
is influenced by heredity. Previous evidence indicated that probably 
a single dominant gene is concerned in the inheritance of susceptibility 
to lung tumor. While heterozygosity of this gene as well as un- 
controllable extrinsic variables may affect, to some extent, the degree 
of susceptibility, it is possible that additional genes, as well as certain 
known environmental conditions, may influence the number of tumor 
nodules shown by each mouse. 

Summary. Evidence is presented showing that degree of sus- 
ceptibility to lung tumor in mice, as measured by the number of 
nodules occurring in the individual, is affected by both heredity and 
environment. The number of genes concerned has not been deter- 


mined. 
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~ Prothrombin Levels and Synthetic Vitamin K in Obstructive 
Jaundice of Rats.* 


JosEpH E. Fiynn AnD E. D. Warner. (Introduced by H. P. 
Smith. ) 


From the Department of Pathology, State University of Iowa, Iowa City. 


Through dietary studies, the chick has helped to solve a number 
of problems concerning the chemical nature of vitamin K and its 
relation to the manufacture of prothrombin. However, there still 
exist many important questions concerning the minimal vitamin re- 
quirements, the absorption of the vitamin, the mechanisms by which 
it is utilized, and the réle of the liver in the production of prothrom- 
bin. Clinical problems in man involve not merely the normal dietary 
requirements, but also the question of absorption from the intestine, 
and the problem of having adequate amounts of bile in the intestine 
to aid in this absorption. 

To analyze a number of the problems it is desirable that an experi- 
mental deficiency be created in animals by excluding bile from the 
intestine, and not by dietary procedures alone. It is also desirable 
that certain of these studies be made on mammals, rather than on 
birds in order to approach more closely the physiological conditions 
obtaining in man. 

Greaves' has shown that a bleeding tendency can be produced in 
the rat by a combination of dietary regulation and bile duct ligation 
and that this disorder can be cured by administration of crude con- 
centrates of vitamin K. We have found that the prothrombin level 
falls both rapidly and regularly to low levels, and the response to 
vitamin K is sufficiently uniform that such an animal represents a 
valuable test animal for study of the problems outlined above. We 
wish to present data concerning the prothrombin levels before and 
after treatment with vitamin K. 

Experimental Procedure. In some cases, the rats were selected 
at the time of weaning; in other cases young adult rats were used. 
In order to deplete the reserves of vitamin K in the body, the animals 


* Aided by a grant from the John and Mary R. Markle Foundation. Funds for 
technical assistance also were supplied by the Graduate College, State University 
of Iowa. 

The phthiocol and the 2-methyl-1,4-naphthoquinone used in these experiments 
were prepared through the courtesy of Dr. George H. Coleman and Dr. Donald W. 
Kaiser, Department of Chemistry, State University of Iowa. 

1 Greaves, Joseph D., Am. J. Physiol., 1939, 125, 429. 
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were placed on a diet known to be low in this vitamin. The diet 
was prepared as follows: cane sugar 472 g, casein 480 g, brewer’s 
yeast 120 g, salt mixture’ 68 g, lard 330 g, cod liver oil 30 g. 

After the rats had been on this diet for 7 to 8 weeks, the common 
bile duct was ligated, under ether anesthesia, and the incision was 
closed with silk sutures. The rats weighed between 250 and 350 g 
at the time of operation in most instances. A few animals operated 
before they reached a weight of 250 g gave similar results. 

Blood samples (0.8 cc) were drawn from the jugular vein into a 
1 ce syringe containing 0.23 cc potassium oxalate (1.85%). The 
oxalated blood was centrifugalized in a small tube, and the pro- 
thrombin content of the plasma was determined by the 2-stage method 
of Warner, Brinkhous and Smith.** By this microtechnic, prothrom- 
bin determinations can be made several times on the same animal 
without producing a significant degree of anemia. We prefer jugular 
puncture to cardiac puncture, because the latter is far more likely to 
be followed by fatal hemorrhage, especially in case the prothrombin 
level is low. 

Both phthiocol (0.2%) and 2-methyl-1,4-naphthoquinone (200 
gamma per 100 cc) were dissolved in isotonic phosphate buffer 
solutions (pH 7.2).° Phthiocol solutions were not injured by ster- 
ilization in the autoclave, but 2-methyl-1,4-naphthoquinone suffered 
marked loss of activity. In our earlier experiments we injected the 
vitamin preparations without sterilization. Recently, we have found 
that sterilization of solutions of 2-methyl-1,4-naphthoquinone can be 
effected with the use of ‘‘fritted” glass filters. 

Results. With deficient diet alone, it is possible to deplete the 
vitamin K reserves, as Greaves’ has pointed out, but rarely does the 
prothrombin level fall far below the normal. It would appear that in 
mammals, the vitamin K synthesized in the intestine by bacteria is 
sufficient to prevent a marked fall in the prothrombin level. This 
preliminary depletion of vitamin K reserves is essential if one is 
to bring about a bleeding tendency promptly by ligation of the bile 
duct. Inthe undepleted rat, bile duct ligation results in a very gradual 
decrease in the plasma prothrombin level, and even after 3 weeks, the 
prothrombin level is still 20% to 40% of normal. By this time, we 

2 Hubbell, R. B., Mendel, L. B., and Wakeman, A. J., J. Nutrition, 1937, 14, 273. 

3 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am. J. Physiol., 1936, 


114, 667. 
4 Smith, H. P., Warner, H. D., and Brinkhous, K. M., J. Exp. Med., 1937, 66, 


801. 
5 Smith, H. P., Ziffren, S. E., Owen, C. A., Hoffman, G. R., and Flynn, Joseph 


E., J. Iowa State Med. Soc., 1939, 29, 377. 
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TABLE I. 
Decrease in Prothrombin After Bile Duct Ligation. 


Prothrombin % of normal 


Rat No. 
Hr post- — 
operative if 2 3 4 
6 82 100 100 84 
24 73 57 72 42 
48 35 21 61 5 
72 10 27 5 


find that general debility and cirrhosis of the liver render the animal 
unsuitable for these studies. 

Table I shows the rate at which the prothrombin level falls in the 
depleted rat following ligation of the bile duct. During the first 24 
hours, the prothrombin level falls only moderately in the majority 
of animals. By the end of 72 hours the level is typically 10% to 
25% of normal. At the 10% level the rats invariably bleed unduly 
from venipuncture wounds or from small scratches, and at the level 
of 20% to 25% this is frequently the case. 

The response to treatment with vitamin K is shown in Table II. 
Two daily intraperitoneal doses of phthiocol, 1 mg each, brought the 
prothrombin level, first from 16% to 47%, and then to 91% of 
normal. We have administered daily doses of 0.5 mg, and in some 
cases a definite rise occurred; in others it did not. This would indicate 
that 0.5 mg represents roughly the daily maintenance requirement, 
and that the prothrombin level falls into the danger zone if the intake 
is much less than this. 

A typical response to 2-methyl-1,4-naphthoquinone is shown in 

TABLE II. 


Prothrombin Response to Vitamin K. 
(Intraperitoneal Injection.) 


Days post- Prothrombin Vitamin 
operative % of normal K 


Response to phthiocol (2-methyl-3-hydroxy-1,4-naphthoquinone) 
3 16 


mg 
4 47 2 
5 ei — 
Response to 2-methyl-1,4-naphthoquinone 
3 10 2 
4 61 24 
5 82 — 
Response to a single large dose of 2-methyl-1,4-naphthoquinone 
3 5 20 y 
4 81 — 
5 78 —_— 
6 59 —- 
7 20 oo 


PROTHROMBIN AND SYNTHETIC VITAMIN K 193 


the second section of Table II. Other experiments, not recorded here, 
agree with this one in that 2 daily doses of 2 gamma each bring about 
almost complete recovery in the prothrombin level within 48 hours. 

Ina number of experiments the vitamin preparations were injected 
intravenously rather than intraperitoneally. In these experiments 
the response to both the phthiocol and the 2-methyl-1,4-naphtho- 
quinone was essentially the same as that obtained by the intraperi- 
toneal route of administration. 

In comparing the results obtained with the two vitamin prepara- 
tions, it is evident that under the conditions obtaining in our experi- 
ments, the 2-methyl-1,4-naphthoquinone has approximately 500 
times the activity of phthiocol. This differs moderately from the 
ratio of 1000 to 1 which Ansbacher® found on using the deficient 
chick as an assay animal. 

We have conducted a number of experiments in which the same 
rat was used for several successive test doses of vitamin K. This 
permits more accurate control than when different animals are em- 
ployed. It is especially valuable in comparing different doses of a 
compound or different modes of administration. 

Table II shows that when a single 20 gamma dose of 2-methyl-1,4- 
naphthoquinone was given by the intraperitoneal route, the pro- 
thrombin level rose in 24 hours to 81% of normal. It is of particu- 
lar interest that this level was not long maintained, for within 3 days 
the prothrombin was reduced to 20% of normal. In another case we 
gave a much larger dose of vitamin on each of 2 successive days and 
found that the normal level was maintained for a number of days. 
It would appear that, although the avitaminous animal can efficiently 
utilize very small amounts of the vitamin to reestablish the integrity 
of the disordered clotting mechanism, storage of the vitamin is far 
more difficult to accomplish. Thus the depleted animal can build up 
normal stores only when the vitamin is assimilated in large amounts, 
or perhaps with a smaller excess over daily needs, if continued over a 
long period of time. This observation helps to explain the clinical 
fact that in cases of biliary tract disease the rise in prothrombin 
on giving vitamin K is often quite transient, making it necessary to 
give the vitamin repeatedly during the period immediately preceding 
and immediately following operation. It is probable that the dosage 
ordinarily given to patients is not adequate to replenish the much- 
needed stores. 

Summary. Rats maintained on a diet low in vitamin K, and 
having obstructive jaundice, were used to indicate the vitamin K 


6 Ansbacher, S., Science, 1939, 90, 215. 
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potency of phthiocol and of 2-methyl-1,4-naphthoquinone. Data also 
are given to indicate the approximate maintenance requirement of this 
animal. Evidence at hand indicates that considerable amounts of 
vitamin K can be stored, provided the deficient animal is given large 
doses of vitamin K, or perhaps with smaller doses over a long period 
of time. The clinical implications of this are pointed out. 
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Active and Passive Immunization Against the Virus of Malignant 
Panleucopenia of Cats. 


Joun F. Enpers anp WILLIAM D. Hammon. 


From the Department of Bacteriology and Immunology, Harvard Medical School, 
and the Department of Epidemiology, Harvard School of Public Health. 


A common, acute infectious disease of cats characterized by intra- 
nuclear inclusion bodies, profound depression of the number of 
lymphocytes and granulocytes of the blood and an extensive aplasia of 
lymphoid tissue and of the bone marrow including erythropoietic 
elements has recently been described by Hammon and Enders” * * 
who showed that the etiologic agent was filterable.* The disease 
is probably identical with that previously reported by Lawrence and 
Syverton.* The experiments recorded here in detailf had as their 
objectives the determination of whether or not active immunization 
against subsequent inoculation of the virus could be effected in the 
natural host by means of formalinized suspensions of organs from 
infected cats and whether or not the immunity which had been found 
to result from an attack of panleucopenia could be passively trans- 
ferred to susceptible animals by means of the blood serum. 

Active Immunization. The data obtained in 2 experiments are pre- 


1 Hammon, W. D., and Enders, J. F., J. Hap. Med., 1939, 69, 327. 

2 Hammon, W. D., and Enders, J. F., Ibid., 1939, 70, 563. 

3 Enders, J. F., Third International Congress for Microbiology, New York, 1939, 
Abstracts of Communications. 

* Communications which we have received from a number of investigators indi- 
cate that the disease is present in Canada, Germany, Russia, and possibly South 
America. 

4 Lawrence, J. S., and Syverton, J. T., Proc. Soc. Exp. Brot. AnD Mep., 1938, 
38, 914. 

t Certain of the data included here were briefly described at the meeting of 
the Fourth International Congress for Microbiology held at New York, September 
9-14, 1939. 
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sented in Table I. The kittens employed were secured from distant 
rural areas to avoid encountering a high percentage of naturally im- 
mune animals as is found normally in those collected in and near an 
endemic center such as Boston. The vaccine prepared according to 
the procedure included in the notations of the table was given in 2 
doses at an interval of 7 days. The test dose of virus which con- 
sisted of 1 cc of a 10% suspension in infusion-broth, of spleen or 
lymph-node from animals dying or dead as a result of the specific 
infection, was administered 7 days following the last injection of 
vaccine. Normal kittens, which were litter-mates of the vaccinated 
animals, served as controls. These received an equal quantity of 
virus-containing suspension. In evaluating these results it should be 
considered that both vaccinated animals of the second experiment not 
only were inoculated with the virus but were exposed to kittens 
actually suffering from the infection. 

The results in the vaccinated animals, none of which showed any 
indication of panleucopenia, while not conclusively demonstrating 
the value of the immunizing procedure, because of the relatively small 
number of animals involved—some of which, as we know from pre- 
vious experience, might have possessed natural resistance—neverthe- 
less strongly suggest that the vaccination did serve to prevent the ap- 
pearance of any recognized signs of illness. In contrast, 2 of the 6 
unvaccinated kittens died, and all exhibited definite indication of 
disease, although in one a significant leucopenia failed to appear. 

Because of the frequency of spontaneous infections during the 
isolation-period of 2 weeks required for vaccination, we are able at 
this time to present only these 2 experiments. But something has 
been learned from many others of the same type which have been 
attempted. Thus they clearly showed that vaccination following 
exposure is ineffective, and that exposure soon after the beginning 
of vaccination results in a typical attack. 

We have no knowledge of the duration of the immunity pre- 
sumably induced by vaccination. Observations, however, on the 
persistence of the resistant state in animals which have recovered 
from infection suggest that a permanent immunity could be obtained 
by the inoculation of active virus following vaccination with for- 
malinized material. A procedure of this sort apparently gives rise to 
humoral immune factors sufficient to protect kittens passively against 
a subsequent inoculation of active virus (see 4th experiment in Table 
IT) and would be analogous to that which Laidlaw and Dunkin® ® 


5 Laidlaw, P. P., and Dunkin, G. W., J. Comp. Path. and Therap., 1927, 41, 1. 
6 Laidlaw, P. P., and Dunkin, G. W., [bid., 1928, 41, 209. 
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found successful in the immunization of dogs and ferrets against 
distemper. 

Passive Immunization. Four separate experiments were carried 
out with the object of testing the prophylactic properties of con- 
valescent and “hyperimmune” serum. Table II furnishes a summary 
of the significant facts. Kittens from 2 to 5 months of age were em- 
ployed, and, in most instances, these were obtained in litters. The 
littermates were divided as equally as possible between the “serum- 
protected” and the control groups. This was done to equilibrate in 
so far as possible the immunologic status of the 2 groups. As in the 
experiments on active immunization, all kittens were obtained from 
country districts. Serum was given in one instance 33 days prior to 
the test-inoculation of virus and in the cases of 4 animals was not 
given until 3 days after adequate exposure. In addition to exposure 
this group of 8 kittens was also given virus by mouth at the time the 
serum was injected. Other kittens exposed at the same time as this 
group became infected without the additional administration of virus. 
In other experiments the serum was administered either at the same 
time as the virus or on the previous day. 

The single death due to panleucopenia which occurred among the 
total 15 “serum-protected” animals was in one of 5 kittens which 
was not given serum until 3 days after exposure, or about the middle 
of the incubationary period, which in naturally acquired infections 
is from 6 to 9 days. One other death occurred in the serum-protected 
group in an animal suffering at the time of inoculation from a severe 
upper respiratory infection. At necropsy, including examination of 
tissue-sections, no evidence of viral infection could be fcund. 

Only 2 of the 15 animals receiving serum developed a leucopenia: 
the fatal case mentioned above, and one other which had a count 
on one day of 8,150 leucocytes per cmm. This count falls just outside 
the lower limit of normal variation expected in this particular animal 
on the basis of statistical criteria established by Hammon’ in a study 
of the physiological fluctuation of counts in a group of 66 kittens. 
All counts here recorded as leucopenic have been tested by these 
criteria. 

The control kittens, which were equal in number to the serum- 
protected animals in each experiment, were given the same test- 
inoculation of virus at the same time, and kept in the same room 
and not infrequently in the same cage with the serum-protected 
animals. Eight of the 15 controls succumbed but only in 7 can death 
be attributed to infection with the virus, for one kitten died following 


7 Hammon, W. D., Anat. Rec., March, 1939. 
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pneumonia several days after the leucocyte-count had become normal. 
All the unprotected kittens, however, developed a significant leuco- 
penia (6,900 cells per cmm or less). 

If the animals dying with pneumonia are eliminated from both 
protected and control groups, the results, on the basis of death or 
recovery when evaluated by statistical tests, are significantly dif- 
ferent (x° with the Yates correction for small numbers* = 4.37. P 
lies between .05 and .02). When tested for significance on the basis 
of infection as indicated by leucopenia the results become highly 
significant. 

That convalescent serum given shortly before the appearance of 
symptoms fails to modify the disease is apparent from the following 
observation. Three kittens were given 4 cc of hyperimmune serum 
intraabdominally 1 or 2 days before noticeable illness appeared. The 
ensuing disease ran a course similar to that occurring among the 3 
control animals included in the experiment, although 2 cats died in the 
latter group and only one among those treated with serum. 

Natural Immunity. An observation has been made which strongly 
suggests that the resistance of a naturally immune female cat is 
transferred to the offspring. During the early phase of our work in 
the winter of 1937-1938 we assembled a number of pregnant animals 
and mothers with suckling kittens, all of which were obtained in the 
vicinity of Boston, where the disease is endemic. Precautions were 
then taken to eliminate, in so far as possible, the introduction of in- 
fection among this group of about 30 cats. These proved eventually 
ineffective for after all the pregnant animals had given birth to their 
litters and at a time when the young ranged in age from 2 weeks to 
2 months, one adult female and her 2 kittens died of panleucopenia. 
Heavy exposure of all other animals to the virus seems to have been 
assured, since they were loose in a common enclosure, the kittens 
appeared to suckle indiscriminately at times, and all attempts at fur- 
ther isolation were abandoned. Nevertheless, no other apparent in- 
fections occurred during the next few months, nor did the inoculation 
of any of these animals with organ-suspensions from infected cats 
lead to overt illness. This immuwnity of the kittens appears to be 
most easily accounted for a priori by a passive transfer of protective 
substance across the placenta. The duration of this type of im- 
munity under effective isolation would at best be probably only a 
few months, but it would seem likely that when frequent exposure to 
the virus occurs, active immunity might fortify a waning passive 


8 Hill, Bradford A., Principles of Medical Statistics, The Lancet, Ltd., London, 
1937, p. 93. 
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immunity. A chain of events of this sort could account for the fact, 
which we have noted, that relatively few manifest cases of this 
disease are seen in a community where it is endemic. 

Comment. The evidence for the prophylactic action of con- 
valescent or “hyperimmune” serum, provided this is given before or 
within 3 days after exposure, is, we believe, sufficient to justify its 
use to confer temporary protection upon cats before or after known 
contact with the disease. This information should be of value to 
those who employ cats for experimental purposes. 

Should our observations on the immunizing properties of for- 
malinized virus be supported by further experimental trials, the 
method would appear to offer a practical mode of inducing active im- 
munity which, it is suggested, might be fortified and rendered more 
permanent by a subsequent inoculation of active virus. The use of 
the vaccine, however, would seem to be limited to animals which have 
not been exposed or which do not come in contact with the virus at 
least during the earlier period of time required for the procedure of 
vaccination. 

Throughout our work we have employed a number of “strains” of 
virus obtained from animals derived from areas of the northeastern 
United States. These all produced the same clinical picture and the 
same pathological changes. Nevertheless, we have borne in mind 
the possibility that antigenic differences might distinguish strains of 
virus of different origin. The experiments reported here afford 
some evidence, however, which points to an antigenic homogeneity. 
Thus in the second experiment on active immunization and the fourth 
on passive protection, the viruses used in the production of vaccine 
or antiserum were obtained from sources other than those from which 
the viruses used for testing the immunity were secured. Apparently 
complete cross-protection occurred in both instances. 

Summary. Evidence is presented which suggests that the injection 
of formalinized suspensions of organs from cats infected with the 
virus of malignant panleucopenia induces resistance in susceptible 
animals against a subsequent injection of active virus. The serum 
of cats convalescent from infection or that of animals vaccinated with 
formalinized material and then inoculated wth living virus, will pro- 
tect susceptible cats from a subsequent or recent exposure to an animal 
suffering from the disease or from a subsequent injection of active 
virus. 
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Influence of Sulfapyridine Therapy on Plasma Lipids in 
Pneumonia.* 


ALBERT V. STOESSER 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


In the preceding paper’ evidence has been presented to indicate 
that specific serum therapy is able to prevent the rather marked 
changes in the serum lipids which occur in pneumonia. The intro- 
duction of chemotherapy with its satisfactory clinical response 
brings up the question as to whether the more or less specific action 
of sulfapyridine in pneumococcal pneumonia has the same influence 
on the plasma lipids. Serum therapy and drug therapy both cause 
a rather prompt drop in temperature so that the patient is usually 
free of fever in 12 to 48 hours. However investigators have felt 
that the normal temperature which follows the administration of 
sulfapyridine does not necessarily indicate a complete recovery from 
the pneumonia. Just how the plasma lipids behave in cases receiv- 
ing chemotherapy should therefore be of special interest. 

This paper deals with a study including 5 children with pneu- 
monia. The patients were between 6 and 9 years of age, all ill with 
lobar pneumonia due to the pneumococcus, Type I. They received 
sulfapyridine and since there were no hard and fast rules with regard 
to the amount of drug to be employed the dosage schedule recom- 
mended by Barnett and his co-workers’ was at that time considered 
to be most satisfactory. The sulfapyridine was administered orally, 
0.6 g being given every 4 hours throughout the 24 hours of a day. 
This group of selected patients did not have any vomiting prohibit- 
ing the retention of the drug. The first sample of blood was col- 
lected just before the sulfapyridine administration was started. Each 
child then had been ill for only one or 2 days and the fever was high, 
ranging between 40.2° and 40.8°C. The second sample was drawn 
about 24 hours after the temperature had dropped to normal. The 
third and fourth blood samples were obtained on the fourth and 
seventh days of convalescence, respectively. The drug was discon- 
tinued on the fourth day of normal temperature just after the third 


* This work was supported by a grant from the Mead Johnson and Company 
and the Medical Research Fund of the University of Minnesota. 

1 Stoesser, A. V., Proc. Soc. Exp. Biot. AND Mzp., 1940, 43, 168. 

2 Barnett, H. L., Hartmann, A. F., Perley, A. M., and Ruhoff, M. B., J. A. M. A., 


1939, 112, 518. 
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sample had been collected. As in the previous communication,’ the 
subjects of this study received a thorough examination including 
a roentgenogram of the lungs, each time a sample of blood was 
drawn. Bloor’s methods* *° were followed to determine the vari- 
ous cholesterol fractions. The total fatty acid and phospholipid 
values were obtained by the microgravimetric method of Wilson 
and Hansen.*’? Yasuda’s modification® was employed to determine 
the iodine absorption of the serum fatty acids. 

The results are summarized in Table I. 

The infections in the 5 subjects resembled each other fairly closely. 
The lobar pneumonia was confined to the lower lobes of the lungs. 
The total cholesterol and esters were significantly lower than nor- 
mal on the day the sulfapyridine was started. The response to this 
form of therapy was clinically quite satisfactory. In cases 2 and 


TABLE I. 
Plasma Lipids of Pneumonia Before, During, and After Administration of 
Sulfapyridine. 
Case No. Total cholesterol Cholesterol esters Free cholesterol 
Mg per 100 ee serum 

Ae Cae Cc eE) Ju 18! G 1D Ave, Bae Came 

1. M.L. 126 135 124 238 85 76 73 160 41 59 51 78 
2. G.M. 131 109 153 263 73 polo OMmeL TS 53 57 58 85 
3. J.V. 101 110 122 214 “By ey fall IBY 589755 (7 
4. E.T. 131 138 165 209 83 75 105 146 48 63 60 63 
5. B.S. 142 107 121 227 94 68 69 169 58 39 52 58 
Avg 126 119 1387 230 76 65 82 158 51 54 54 72 
Total fatty acids Iodine number Phospholipids Iodine number* 

Mg per 100 ce serum 

: A BCD A B CD A. lc pee cee 
1, M.L. 360 280 435 514 93 88 88 95 103 72 103 138 104 108 110 120 
2.G.M. 279 259 172 403 97 90 95 98 71 -94 93 115 129 126 121 110 
3. J.V. 214 286 298 329 81 87 95 98 72 122 121 159 105 76 77 149 
4. E.T. 303 284 306 466 89 88 96 87 71121 67 112 93 95 104 99 
5. B.S. 276 307 249 367 104 98 93 100 81 94 68 72 122 106 97 118 


Avg 286) 283292 415, 92° 90) 937 95" 79" 99) S90 T1S TOROS Oe > 


* Todine number of the phospholipid fatty acids. 

A—Blood sample collected before sulfapyridine was started. 
B—Blood sample collected after 24 hours of normal temperature. 
C—Blood sample collected on 4th day of convalescent period. 
D—Blood sample collected on 7th day of convalescent period. 


3 Bloor, W. R., J. Biol. Chem., 1916, 24, 227. 

4 Bloor, W. R., and Knudson, Arthur, J. Biol. Chem., 1916, 27, 107. 
5 Bloor, W. R., personal communication to the author. 

6 Wilson, W. R., and Hansen, A. E., J. Biol. Chem., 1936, 112, 457. 

7 Hansen, A. E., Proc. Soc. Exp. Bion. AND MeEp., 1939, 40, 376. 

8 Yasuda, M., J. Biol. Chem., 1931-32, 94, 401. 
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3 the temperature fell slowly to within the normal range over a 
period of 2 days while in the remaining 3 patients there was a pre- 
cipitous drop to normal in 12 to 36 hours. After one day of no 
fever, the second blood sample was obtained and the cholesterol 
values were found to have changed very little. On the fourth day 
of convalescence when the third sample of blood was collected 
there was some indication of a slight rise in the cholesterol. The 
observation is most interesting in view of the fact that the roentgeno- 
grams showed some extension of the pneumonia at the time the 
second blood sample was drawn and only a small amount of resolu- 
tion on the fourth day of the convalescent period. However, fol- 
lowing this, the pneumonic process began to resolve rapidly and 
on the seventh day of convalesence the lungs were clear in cases 
1, 3, and 4. The other 2 patients still had incomplete resolution. 
The total cholesterol and esters had returned to the normal values. 

The total fatty acids and phospholipid values were lower than 
the average figure during the period of the illness before the admin- 
istration of the sulfapyridine. Although the introduction of drug 
therapy was followed by a good clinical response, the total fatty 
acids were slow in rising to higher levels. There was a slight rise 
and then another drop in the phospholipids and recovery from the 
low values was retarded. The iodine numbers of the total fatty 
acids and phospholipid fatty acids were not markedly depressed 
during the height of the disease. They apparently had little time to 
fall to the low levels observed during the last stages of the febrile 
period when the disease is allowed to take its natural course.* The 
sulfapyridine treatment definitely shortened the period of fever in 
each instance. 

The drop in temperature is considered to be due to the direct 
action of the drug. It is not the natural crisis of the pneumococcal 
pneumonia and Wood and Long” have shown that the type-specific 
antibodies usually do not appear in the blood of these patients until 
several days later at the time when the natural crisis of an untreated 
case of pneumonia occurs. This is also the time when the plasma 
lipids first show signs of returning to normal levels. The question 
therefore arises as to whether the changes in the serum lipids are 
related to processes of immunity. Further investigations are in 


progress. 


9 Stoesser, A. V., Proc. Soc. Exp. Bion. AND MEp., 1937, 36, 723. 
10 Wood, W. B., and Long, P. H., Ann. Int. Med., 1939, 13, 612. 
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Imidazole Buffer: Its Use in Blood Clotting Studies.* 


Epwin T. Mertz AND CuaArLes A. OWEN.} (Introduced by H. P. 
Smith. ) 


From the Department of Pathology, State University of Iowa, Iowa City. 


In making studies on blood clotting we found it desirable to con- 
trol pH in the range 6-8. Diethylbarbituric acid buffers have been 
recommended,! but the effective range is rather high (pH 7-9) and, 
furthermore, their solubility is not great. Buffers utilizing other 
weak acids, or salts, such as acid phosphate, tend to precipitate cal- 
cium or to form undissociated compounds. To avoid these difficul- 
ties we directed our attention to a study of the buffering action of 
weak bases. It was soon found that satisfactory results could be 
obtained with imidazole (glyoxaline). Shortly after our tests were 
carried out, Kirby and Neuberger’ published a physicochemical 
study of imidazole derivatives. Working with a very dilute buffer 
solution (0.01 M), they found the pK. value of imidazole to be 
6.95. From this value one can calculate with reasonable accuracy 
the pH of dilute (0.01 M) buffer mixtures of imidazole and HCl. 
However, for the higher concentrations which are in more general 
use, the calculated values become approximations. To supply data, 
convenient for use, we wish to describe the preparation of imidazole 
buffers. We have chosen the concentration of 0.05 M, as being 
one which is more nearly suitable for many problems in biological 
research. 

Imidazole was synthesized from tartaric acid by the method of 
Fargher and Pyman.* The white crystalline needles were dried 
over P.O; and were found to have a melting point of 89° (corr.) 
and a nitrogen content which was 99.6% of the theoretical value. 
A portion of the imidazole used subsequently was obtained else- 
where.t Hydrogen ion determinations on buffer mixtures (Table 


* Aided by a grant from the John and Mary R. Markle Foundation. 

+ Graduate Assistant, 1938-39, Graduate College, State University of Towa. 

1 Ransmeier, J. C., and MeLean, F. C., Am. J. Physiol., 1938, 121, 488. 

2 Kirby, A. H. M., and Neuberger, A., Biochem. J., 1938, 32, 1146. 

3 Fargher, R. G., and Pyman, F. L., J. Chem. Soc., 1919, 115, 217. 

{ Part of our supply of imidazole was obtained through the courtesy of Dr. 
C. S. Marvel, University of Illinois. The rest was obtained from Eastman Kodak 
Company, Rochester, N. Y. The Eastman product, which is now generally avail- 
able, should be dried before use. 


IMIDAZOLE BUFFER 205 


TABLE I. 
Imidazole Buffer.* 

0.1 N HCl 0.1N HCl 
pH ce pH ee 
6.20 42.9 7.20 18.6 
6.40 39.8 7.40 13.6 
6.60 SoD 7.60 9.3 
6.80 30.4 7.80 6.0 


7.00 24.3 


*To the amounts of 0.1 N HCl listed in the table are added 25 ce portions of 
0.2 M imidazole, and the mixtures are diluted with water to 100 ce. 

In our original experiments, we used slightly different quantities of HCl (round 
number quantities), with corresponding differences in values of pH. The data 
actually obtained were plotted on a large-scale curve, and the values given in the 
table were obtained by interpolation. 


I) were made at 25° + 0.05°, using a glass electrode and a satu- 
rated KCl-calomel electrode (Beckman pH meter). Standardiza- 
tion was effected with standard acetate buffer having a pH of 4.62 
at 25°. The pH values of newly prepared mixtures check the values 
in Table I within less than 0.02 pH. Buffer mixtures which were 
allowed to stand for 2 months at room temperature showed no 
growth of microorganisms and no detectable change in pH. It is 
of interest to note that imidazole buffer covers a pH range which is 
almost identical to that covered by mixtures of primary and second- 
ary phosphates.* 

In blood clotting studies we use the various reagents in concentra- 
tions which are isosmotic with 0.9% NaCl. Imidazole buffer, pH 
7.25, which is isosmotic with 0.9% NaCl, as determined by the 
freezing point method, is prepared by dissolving 1.72 g of imidazole 
in 90 cc of 0.1 N HC1, and diluting with water to 100 cc. For the 
past year, we have included this imidazole solution among the re- 
agents used in the 2-stage technique for the titration of prothrom- 
bin.’ Tests show that the buffer has no effect upon either the con- 
version of prothrombin into thrombin, or upon the reaction of 
thrombin with fibrinogen, even when the buffer solution comprises 
more than one-half of the total volume. 

Summary. Mixtures of imidazole and hydrochloric acid covering 
the pH range 6.2 to 7.8 are described. These mixtures are recom- 
mended as buffers for reactions which require the presence of 
calcium ion. 

4 Clark, W. M., and Lubs, H. A., J. Biol. Chem., 1916, 25, 479. 

5 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am. J. Physiol., 1936, 
114, 667; J. Exp. Med., 1937, 66, 801. 
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Composition of Bone in Extreme Osteoporosis Associated 
with Hepatoma. 


Aritp E. Hansen, L. S. PALMER AND J. WESLEY NELSON. 


From the Department of Pediatrics, University of Minnesota, Minneapolis, and the 
Department of Agricultural Biochemistry, University of Minnesota, St. Paul. 


The presence of a marked degree of decalcification of the entire 
skeleton in a 10-year-old boy suffering from extensive carcino- 
matous involvement of the liver prompted the investigation herein 
reported. A preliminary report of the clinical and laboratory 
studies in this case was given last year by Hansen, Ziegler and Mc- 
Quarrie.. The osteoporosis developed early in the course of the 
disease and continued to progress throughout the 18 months he was 
under observation. The specimen of rib bone obtained shortly after 
exitus was freed from all muscular attachments, cleaned, weighed 
and stored at —20°C until ready for analysis. The entire specimen 
was prepared for analysis in each case. The manner of preparation 
of the specimens, the chemical methods, and system of calculations 
were the modification of Kramer and Howland’s’ procedure, and 
are reported elsewhere.* The results of the analyses, calculated 
on green, dry, and dry extracted bases are presented in Table I, 
together with similar data obtained on the rib bones of a 9-year-old 
boy having no demonstrable abnormality of the osseous system. 

The data in Table I show that there had been a marked replace- 
ment of bone minerals by lipid and water, amounting to 27.8% 
when regarding the bones of the control subject as normal. Slightly 
more than 80% of this was lipid (alcohol-ether soluble) material. 
The data also show that the dry, lipid-free bone of the hepatoma pa- 
tient had 31.4% less Ca, 33.8% less P, 39.0% less Mg and 37.9% 
less CO, than that of the control. On the basis of the system of 
calculation employed, it appears from these results that there was 
relatively more CaCO; and Mg, (PO,)2 than Ca; (PO,). with- 
drawn from the bone. The calculated ratio, residual Ca:residual P, 
is thus about 5% less in the abnormal bone. This difference, how- 
ever, is probably not significant, for it is within the range of such 


1 Hansen, Arild E., Ziegler, M. R., and McQuarrie, I. Proc. Am. Soc. Exp. 
Path., Arch. Path., 1938, 25, 757. 

2 Kramer, B., and Howland, J., J. Biol. Chem., 1926, 68, 711. 

3 Neal, W. M., and Palmer, L. S., J. Agr. Res., 1931, 42, 107. 
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TABLE I. 
Percentage Composition of Green, Dry, and Dry Extracted Bone from Child with 
Hepatoma (Case 1, L.C.) Together with Similar Data from Child with No Abnor- 
mality of the Osseous System (Case 2, G.L.). 


Case 2, G.L. 
Case1,L.C. - — 
Rib 7thrib 8thrib Mean Difference* 
H,O 48.05 36.00 33.76 34.88 
Alcohol and ether extract { Green 16.32 3.68 3.24 3.46 
| Dry 31.42 byihsy Zi bye 
Green 14.87 SHG BIN Eiafoy! 58.2 
Ash Dry 28.63 Do DOMES LOOMED AID 47.8 
>? extracted 41.74 58.95 56.70 57.83 27.8 
one 5.08 Se Oma oe ser 
Ca { Dry 9.78 21.49 21.36 21.43 
?? extracted 14.36 22.80 22.46 22.63 31.4 
Green 2.41 6.24 6.34 6.29 
P 4 Dry 4.64 9.75 9.57 9:66 
?? extracted 6.76 10.35 10.06 10.21 33.8 
Green 0.067 0.196 0.182 0.189 
Mg Dry 0.129 0.307 0.275 0.291 
>)? extracted 0.188 0.326 0.289 0.308 39.0 
Green 0.75 2.006 2.11 2.09 
COs 4 Dry 1.44 ppp BIS} BN) 
| ’? extracted 2.10 3.42 8.34 3.38 37.9 
Ca as CaCO3 (.91 & %COe) 1.91 3.11 3.04 3.08 38.0 
P as Mg3(PO4)o (.86 * %Mg) 0.16 0:28" (0:25 027 40.7 
Residual Ca (%Ca — Ca as CaCO3) 12.35 19.69 19.42 19.56 36.9 
Residual P (%P — P as Mgs3(PO4).) 6.60 10.07 9.81 9.94 Bato 
Residual Ca 
Ratio ———————_ 1.871 1.955 1.980 1.968 4.9 
Residual P 
CaCOz (2.27 « %CO2) 4.77 Al cD) ee OS 37.9 
Cag(PO4)o (5 & %Residual P) 33.00 50.35 49.05 49.70 31.6 
Caz (P04) 
Ratio ———————_ 6.918 6.480 6.462 6.471 ++7.0 
CaCOz 
Mg3(PO4)o (3.6 * %Mg) 0.68 Use alee ab alal 38.7 
Total 
CaCOz + Caz3(PO4)o + Mg3(PO4)2 38.45 59.29 57.68 58.49 34.3 


*Percentage difference between normal specimen and specimen from hepatoma 
case, 
values reported by Howland, Marriott and Kramer.* More signifi- 
cant is the calculated Ca,(PO,).:CaCO, ratio, which is definitely 
higher in the abnormal bone. It has been shown* that this ratio de- 
creases in rickets and that it also decreases in phosphorus deficiency,” 
but rises in calcium deficiency. Therefore, it appears that the situa- 
tion encountered in this bone abnormality is more analagous to cal- 
cium deficiency than to either phosphorus deficiency or rickets. 


4 Howland, John, Marriott, W. McKim, and Kramer, Benjamin, J. Biol. Chem., 


1926, 68, 721. 
5 Neal, Wm., Palmer, L. S., Eckles, C. H., and Gullickson, T. W., J. Agr. Res., 


1931, 42, 115. 
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Potency Evaluations of the Human Chorionic Gonadotropic 
Preparations. 


BERNARD L. CINBERG AND STANLEY F. GoLpMAN. (Introduced by 
B. Ratner. ) 


From the Department of Laboratories, Beth Israel Hospital, New York City. 


There are 7 preparations of the gonadotropic principle of human 
pregnancy urine in common use at the present time. All of these 
are standardized in rat units. However, each manufacturer defines 
his unit differently, using various criteria as a basis. 

Estrous type of vaginal smear, follicular maturation and luteini- 
zation, and change in ovarian weight are some of the criteria em- 
ployed. The age of the test animals, the time elapsed during the 
assay, and the number of injections, are also variables. 

Since different quantities of the human urinary gonadotropic ma- 
terial are required to produce these criteria, and since an older test 
animal is more easily brought to maturation than a younger one, 
the commercial human urinary gonadotropic units are not compar- 
able by definition alone. 

D’Amour and D’Amour’ have attempted to make an effective 
comparison of these units, employing ovarian weight as a criterion. 
We have adopted the estrous type of smear in 21-day-old rats as 
the criterion in our assays. All our animals were females of the 
Sherman strain, and at least 10 rats were utilized for each assay. 
All available human urinary gonadotropic products were then 
assayed by this method.* 

Daily injections of 0.5 cc of the test material were given sub- 
cutaneously for 3 consecutive days, and the animals were tested for 
the estrous type of smear at 120 hours following the initial dose. 
Their ovaries were examined grossly for evidences of maturation. 
A result was considered positive if at least 50% of the animals had 
an estrous type of smear. 

If the number of rat units of the test substance first employed 
was insufficient to give a positive result, a greater number of units 
was injected into each of the next group of 10 rats. If the first 
test was positive, the number of rat units was reduced until the 


1D’Amour, M. D., and D’Amour, F. E., J. Pharm. and Exp. Therap., 1938, 
62, 263. 


* All products were bought from a reputable pharmacist. 
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TABLE I. 
Production of the Estrous Type of Vaginal Smear. 


Total No.of No.of % of rats 


Dose, rats rats in in Relative 
Preparation Lot No. R.U. used estrus estrus potency 
Antuitrin-S 3203307 3.0 ge 9 100 
te a8 2.25 10 8 80 
fe 3220458 1.5 10 5 50 
22 Ad 1.0 10 1 10 1.00 
7X AYE RB556 3.0 10 i 10 
4 sid 4.0 10 4 40 
ee yt, 4.5 10 5 50 0.33 
Entromone 10981 3.0 10 0 0 
ay 22 6.0 10 0 0 
22 a2 9.0 10 0 0 
Be 2 12.0 10 0 0 0.00 
Follutein 65467 1.5 10 6 60 
A a7 1.0 10 1 10 1.00 
Korotron CN415 1.0 10 I 10 
2.2 ee 1.5 10 3 30 
2 2? 2.0 10 0 0 
24 22 2.5 10 1 10 
oe us 3.0 10 9 90 
fe 8204 1.0 10 0 0 
Ps 72 1.5 10 0 0 
2? 2) 2.0 10 0 0 
” 7 2.5 10 2 20 
x7 22 3.0 10 1 10 
9 ee 4.0 10 3 30 
ey 8900 5.0 10 10 100 ft 
Placestrin 27 1.5 10 0 0 
de Md 3.0 10 0 0 
9 a 6.0 10 0 0 
79 ae 7.5 10 0 0 
a2 es 10.0 10 0 0 0.00t 
Pregnyl § 3.0 10 if 70 
”? Be 1.5 10 7 70 
3 vy 1.0 10 3 30 1.00 


*One of the 10 rats died in this assay. 

tThese products were found to be impotent in the dosage employed. 

tThe marked variations in potency of individual ampules make it impossible 
to rate this product. 

§Lot number not noted. 


minimum amount necessary to produce a positive result was ascer- 
tained. In all doubtful cases the experiment was repeated. 

All these preparations were tested for the presence of estrin 
which would invalidate results based on an estrous type of smear. 
None of the assayed products contained any estrogenic material. 
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These results suggest that the potencies of the human urinary 
gonadotropic rat units employed by the manufacturers vary greatly. 
To remedy this situation a uniform standard should be adopted.f 
This has already been accomplished with the estrogenic preparations. 
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Protecting Action of Procaine Against Ventricular Fibrillation 
Induced by Epinephrine During Cyclopropane Anesthesia. 


Cuarves L. BurRSTEIN AND BruNo A. MARANGONI. (Introduced 
Arthur C. DeGraff.) 


From the Departments of Anesthesia and Therapeutics, New York University 
College of Medicine, New York, N. Y. 


There is much evidence indicating that several anesthetic agents 
sensitize the heart so that the addition of small amounts of epine- 
phrine may cause ventricular fibrillation. Oliver and Schafer* were 
first to observe this as a frequent complication during chloroform 
anesthesia, and Levy” elaborated on the reaction. More recently, 
Meek, Hathaway and Orth® have shown that the same effect may be 
produced in the dog during cyclopropane anesthesia. Experimental 
data accumulated by Kochman and Daels,* Mautz,° and Beck and 
Mautz’® serves to establish that procaine applied locally to the heart 
reduces irritability of the myocardium as evidenced by augmentation 
in intensity of stimulation necessary to produce extra-systoles or 
ventricular fibrillation. Hermann and Jourdan’ have reported that 
following subcutaneous injections of procaine a larger dose of epine- 
phrine is necessary to produce ventricular fibrillation during chloro- 


+ Since the completion of these experiments, the League of Nations Health 
Organization has set up an international unit for the human chorionic gonadotropin. 
It is designated as 0.1 mg of a standard preparation of a gonadotropic extract 
from human pregnancy urine. This unit is supposed to produce an estrous type 
of smear in 21-day-old rats. 

1 Oliver, G., and Schafer, E. A., J. Physiol., 1895, 18, 230. 

2 Levy, A. G., J. Physiol., 1911, 48, 3. 

3 Meek, W. J., Hathaway, H. R., and Orth, O. S., J. Pharm. and Exp. Therap., 
1939, 61, 240. 

4 Kochman, M., and Daels, F., Arch. Internat. Pharm., 1908, 18, 41. 

5 Mautz, F. R., J. Thoracic Surg., 1936, 5, 612. 

6 Beek, C. S., and Mautz, F. R., Ann. Surg., 1937, 106, 525. 

7 Hermann, H., and Jourdan, F., C. R. Soc. de Biol., 1931, 106, 1153. 
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‘orm anesthesia. Shen and Simon’ have shown that procaine, given 
to dogs simultaneously with epinephrine during chloroform anes- 
thesia, protects against fibrillation. The present study was under- 
taken to determine whether similar results could be obtained during 
cyclopropane anesthesia. 

Thirty-eight experiments were performed on fourteen dogs. Pre- 
anesthetic medication, morphine sulphate one mg per kilo and scopola- 
mine hydrobromide 0.04 mg per kilo was injected subcutaneously 
one hour before each experiment. The carbon dioxide absorption 
technic was utilized for cyclopropane anesthesia. An unobstructed 
airway was assured by an endotracheal tube fitted with an inflatable 
cuff. Depth of anesthesia was maintained at second plane as evi- 
denced by the loss of the lid reflex and maintenance of intercostal 
activity. Electrocardiograms (lead II) were taken before, during 
and after drug administration. 

The test injection of epinephrine was 0.01 mg per kilo in 5 cc of 
normal saline, given intravenously at the rate of 1 cc per 10 seconds. 
The test injection of procaine was 5 mg per kilo in 5 cc of normal 
saline, given intravenously, 1 cc in 10 seconds. Electrocardiographic 
records were completed during cyclopropane anesthesia using epi- 
nephrine alone, procaine and epinephrine simultaneously, procaine 
preceding epinephrine and epinephrine preceding procaine. 

The effects of injecting epinephrine alone were studied in 5 dogs. 
Three of the animals died of ventricular fibrillation. Two of these 
had recovered from previous experiments in which they had been 
treated with procaine prior to the intravenous injection of the test 
dose of epinephrine. Following an interval of several days these 
animals were given an identical dose of epinephrine alone and both 
developed ventricular fibrillation. Of the other 3 dogs 2 developed 
ventricular tachycardia but recovered; the third developed ventricular 
tachycardia, then fatal ventricular fibrillation. 

Procaine and epinephrine were given simultaneously to 5 dogs. 
Two died of ventricular fibrillation. The 3 surviving animals devel- 
oped electrocardiographic phenomena referable to the A-V node and 
the ventricles which rapidly shifted back to the sinus node. All re- 
vealed increased cardiac rates, which suggested an initial rapid and 
predominant epinephrine effect with gradual and slower ascendency 
of the procaine effect and reéstablishment of the pacemaking sinus 
node. 

Procaine before epinephrine was given to 8 dogs, 7 recovered. One 


8 Shen, T. C. R., and Simon, A., Arch. Internat. de Pharm. et Therap., 1938, 
59, 68. 
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of these animals died when an amount equal to 8 test doses of epine- 
phrine was injected intravenously. This same dog had been studied 
twice before this fatal termination by injecting procaine before epine- 
phrine, employing one test dose of epinephrine the first time and 3 
test doses the second time, when the only electrocardiographic ab- 
normality was short runs of ventricular tachycardia. 

Epinephrine was given before procaine in 8 experiments with 5 
dogs. The same experiment was repeated in 2 of the animals. All 
the animals survived and the results did not vary; that is, after ven- 
tricular tachycardia was established following the intravenous in- 
jection of a test dose of epinephrine, the intravenous or intracardiac 
injection of a test dose of procaine caused a change to auricular 
tachycardia which then reverted to a sinus rhythm. 

Conclusions. The experiments presented support the contention 
that when procaine is administered to cyclopropanized dogs the inci- 
dence of ventricular fibrillation following epinephrine administration 
is reduced. Sixty percent of the animals developed ventricular fibril- 
lation after injection of one test dose of epinephrine. When pro- 
caine was previously administered all animals were protected, and the 
introduction of 8 test doses of epinephrine were required to produce 
the fatal complication. The results also indicate that procaine may be 
efficient in the treatment of ventricular fibrillation induced in the dog 
by epinephrine during cyclopropane anesthesia. In every instance in 
which procaine was given intravenously at the time when ventricular 
tachycardia occurred following the administration of epinephrine, 
recovery was effected. 
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Kstrogenic Therapy by Implantation of Stilbestrol Pellets. 


Cyrit M. MacBrypr, HAroLp FREEDMAN, ELLEN LOEFFEL AND 
Durr ALLEN. (Introduced by David P. Barr.) 


From the Washington University School of Medicine, the Washington University 
Clinics and the St. Louis City Hospital, St. Louis. 


The new synthetic estrogen, diethylstilbestrol (4 :4-dihydroxy- 
alpha:beta-diethyl stilbene), announced by Dodds and coworkers,? 
has been found capable of producing in animals all the effects pre- 
viously obtained with naturally occurring estrogens. Early reports 


1 Dodds, E. C., Lawson, W., and Noble, R. L., Lancet, 1938, 1, 1389. 
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indicated that it would be clinically useful when we began studies 
upon patients in March, 1939. We found in 41 patients (14 com- 
plete castrates, 7 partial castrates, 5 patients with primary eunuch- 
oidism and amenorrhea, and 15 patients with severe symptoms of the 
spontaneous menopause), that relief of the nervous and vasomotor 
symptoms, estrous changes in the vaginal smears, proliferative endo- 
metrial changes and breast growth could be produced by oral or sub- 
cutaneous administration of 1 mg to 5 mg daily of diethylstilbestrol 
dipropionate. An analysis of these studies is to be published else- 
where. 

To determine whether subcutaneous pellet implantation would be 
effective, hard pellets of diethylstilbestrol dipropionate weighing ap- 
proximately 100 mg each were implanted in 6 women who had had 
both ovaries removed. The sterile pellets were inserted through a 
small subcutaneous incision in the lumbar region and the wound 
closed with a stitch. Within 2 days the castrate type vaginal smears 
showed estrous changes and within 7 to 10 days this response was 
marked. Endometrial biopsies showed active proliferation within 
7 days. The menopausal symptoms, both psychic and vasomotor, 
were greatly relieved. These changes persisted as long as the pellets 
remained in place. Symptoms recurred within about 2 weeks in 3 
cases when pellets were removed and not replaced. 

The pellets were extracted and weighed at intervals and the aver- 
age daily absorption calculated by the weight loss. Pellets have been 
removed after periods varying from 27 to 53 days. Average daily 
absorption per pellet has ranged from 0.127 to 0.250 mg, correspond- 
ing to a dose of 2,540 to 5,000 international (estrone) units daily. 
One patient has been maintained on pellet therapy alone for over 4 
months, and 3 others for over 2 months each, all with persistent im- 
provement. There is practically no local reaction to the pellets. They 
become inclosed in a tight fibrous capsule which must usually be re- 
moved with the pellet if the pellet is to be obtained intact. 

When the dose necessary to produce satisfactory relief of symp- 
toms and active estrous effects upon the vaginal smears and endo- 
metrium is compared, it is found that a fraction of the oral or in- 
jection dose is sufficient by subcutaneous pellet implantation. Stil- 
bestrol administered by pellet implantation seems to be from 5 to 10 
times as effective per unit weight. 

The method offers an effective and economical mode of estrogen 
therapy. One such small “artificial ovary” should furnish sufficient 
hormone in the average menopausal or odphorectomized patient to 
last approximately 400 to 800 days. A larger dose can be furnished 
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by inserting more than one pellet through a single incision. Smaller 
doses no doubt would be obtainable by using smaller pellets. No 
untoward symptoms or toxic effects were noted. Repeated tests of 
liver function, red blood cell, hemoglobin, white blood cell and blood 
platelet determination showed no variation from normal. 
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Peptone-Dextrose Broth for Use in Studies of Antibacterial 
Activity.* 


H. J. Wuite. (Introduced by E. K. Marshall, Jr.) 


From the Department of Pharmacology and Experimental Therapeutics, The 
Johns Hopkins University. 


A peptone-dextrose broth for use in measurements of the bac- 
tericidal activity of sulfanilamide and sulfapyridine has been de- 
scribed.» * This broth (PD) consisted of 0.7% Neopeptone (Dif- 
co), 0.7% Proteose peptone (Difco), and 0.7% Pfanstiehl peptones 
plus 0.1% dextrose and 0.5% sodium chloride buffered at pH 
7.5 +0.1. Bactericidal action with the two compounds mentioned 
above, in concentrations of 10 mg % or less, was demonstrable only at 
incubation temperatures above 37°C. This bactericidal action was 
accompanied by abundant control growth in bacteria-broth mixtures 
containing no drug. The test culture used in these studies was Beta 
hemolytic streptococcus strain C 203. 

Recent attempts to utilize PD broth, made from currently available 
batches of peptones, in continued studies of antibacterial activity, 
have been unsuccessful due to failure to obtain growth in broth 
control tubes at the elevated incubation temperatures which are 
required for demonstration of bactericidal action with sulfonamide 
type compounds. Modification of the peptone dextrose test medium 
thus became necessary for reproduction of previously reported re- 
sults and for continuance of these studies. 

Preliminary tests indicated that a pH of 7.2 + 0.1 was optimal 
for growth of strain C 203 in peptone-dextrose broth. However, 
broth buffered at pH 7.2, and containing peptones as described above, 


*This investigation has been aided by a grant from the John and Mary R. 
Markle Foundation. 

1 White, H. J., and Parker, J. M., J. Bact., 1938, 36, 481. 

2 White, H. J., J. Bact., 1939, 38, 549. 
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failed to support growth at 39°C even when the dextrose content was 
increased to 0.2%. Tests to determine the growth-supporting ability 
of each of the 3 peptones were then carried out. Tryptose peptone 
(Difco) was also included in these tests. Broths, buffered at pHE722; 
containing 0.2% dextrose and 0.5% sodium chloride, but with differ- 
ent combinations of the peptones, were compared in terms of their 
ability to support growth of an initial concentration of approximately 
5000 units of strain C 203 (as determined by plate counts). Of the 
4 brands of peptone tested, only Tryptose and Pfanstiehl appeared to 
be suitable for the growth of strain C 203 at 37°C. Neither of these 
2 peptones alone supported growth at 39°C. Broths which sup- 
ported growth at elevated temperatures were obtained when a con- 
centration of 2.0% Tryptose combined with Pfanstiehl in a concen- 
tration of from 0.06% to 0.24% was used. Mixtures of 1.0% 
Tryptose and 1.0% Pfanstiehl, 2.0% Pfanstiehl and 0.06% Tryp- 
tose, and certain other combinations of these 2 peptones, failed to 
support growth at 39°C. 

On the basis of these results, our peptone-dextrose medium for 
antibacterial activity tests was modified as follows: 


Peptone-Dextrose Broth (Modified). 


Distilled water 1000 ce 
Tryptose peptone (Difco) 20.0 g 
Pfanstiehl peptone 1.0 g 
Sodium chloride 5.0 g 
Phosphate buffert 40.0 ec 


Heat ingredients listed above for 10 minutes at 100° C. Add 2.0 g of dextrose, 
dispense and autoclave for 20 minutes at 112° C to sterilize. Final pH 7.2 + 0.1. 
This modified broth has supported growth of small inoculums of 
strain C 203 at temperatures above 39°C. Reproduction of the 

TABLE I. 


Bactericidal Activity of Sulfanilamide Against Strain C 203 at Incubation Tem- 
peratures Between 37 and 39.5°C. 


Initial 
Bacterial Minimal Bactericidal Concentration of Sulfanilamide in mg% 
Concentration BLA 38°C 39°C 39.5°C 

5,000,000 800 600 400 200 

500,000 600 600 200 60 

50,000 600 400 80 8 

5,000 400 200 40 4 

500 200 60 8 2 

50 80 20 6 ab 


Initial bacterial concentrations listed above indicate the average number of 
bacterial units per cc of test mixture, as determined by plate counts. Minimal 
bactericidal concentrations of sulfanilamide represent the lowest concentrations of 
drug required to obtain sterilization of test mixtures during 48 hours’ incubation. 


+ Phosphate buffer mixture containing 0.4 M Nay HPO, - 12 HO and 0.1 
M NaH» PO, - H2,0 (pH 7.2). 


. 
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previously determined? bactericidal activity of sulfanilamide and sul- 
fapyridine has been obtained in this broth. Its use in measurements 
of the in vitro activity of other sulfonamide-type compounds will be 
subsequently reported. 

Table I contains data which are typical of the results obtained 
when the modified broth is used as a test medium in studies of the 
bactericidal activity of sulfanilamide. Our test procedure and 
criteria of bactericidal activity have been described elsewhere.* From 
this table it is evident that previous observations of a striking in- 
crease in the bactericidal power of sulfanilamide, coincident with a 
temperature change from 37° to slightly above 39°C., are confirmed 
by the present data. 

Summary. (1) Peptone-Dextrose broth (PD), made with cur- 
rently available samples of Neo-, Proteose and Pfanstiehl peptones, 
has failed to support growth of beta hemolytic streptococcus strain 
C 203 at the elevated incubation temperatures which are required for 
demonstration of bactericidal activity with low concentrations of 
sulfanilamide. (2) A modified PD broth containing 2.0% Tryptose 
and 0.1% Pfanstiehl peptones together with 0.2% dextrose and 0.5% 
sodium chloride buffered at pH 7.2 has been found to be satisfactory 
for use in studies of bactericidal activity. (3) Results obtained with 
this modified broth confirmed the conclusions previously drawn in 
regard to the critical relationship between temperature and the bac- 
tericidal activity of sulfanilamide. 
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Androgenic Effects from Percutaneous Administration in 
Castrate Rats.* 


Birpig L. Scorr. (Introduced by Carl R. Moore. ) 
From Hull Zoological Laboratory, The University of Chicago. 


It has been demonstrated’ that androgens in lanolin ointments are 
readily absorbed when applied on the skin. The work revealed that 
testosterone and t-propionate produce, when absorbed through the 
skin, measurable effects such as those known to result from subcu- 
taneous injections of these hormones in oil. It was pointed out that 


* This investigation has been aided by a grant from the Rockefeller Foundation 
to the University of Chicago. 
1 Moore, Carl R., Lamar, Jule K., and Beck, Naomi, J. A. M. A., 1938, 111, 11. 
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the superiority of the propionate, demonstrable when injected subcu- 
taneously in oil, was lost in percutaneous administration. 

An extension of these studies has appeared advisable and the ob- 
servations reported herein compare the relative effectiveness of per- 
cutaneous applications of testosterone, t-propionate, and methyl- 
testosterone when each is carried in a lanolin and in a tegin base. 

Experimental Procedure. Castrated male rats of different ages 
constituted 4 experimental groups. Treatment was given by daily ap- 
plications of the ointment on an area of the neck and shoulders 
shaved cleanly of hair. Adult males were castrated 21 or 22 days 
prior to first treatment and young males were castrated 30 days after 
birth and received first treatment 12 days later. A chosen receptacle, 
adaptable as an accurate measure, was selected for each group and the 
average weight of 7 full receptacles of the base containing hormones 
constituted the daily dose. Animals were so caged as to avoid any 
contamination by contact with untreated, or differently treated ones. 
Twenty daily treatments were followed one day later by careful 
autopsy involving dissection under a binocular dissecting microscope 
of the ventral prostate gland, coagulating glands, seminal vesicles and 
periurethral tissue along with the dorsal prostate (for anatomy and 
terminology see figure 26, Moore ’39”) ; tissues were weighed fresh 
on a torsion balance. Average weights of ventral prostates and 
seminal vesicles are recorded in the table to demonstrate the magni- 
tude of hormonal responses. 

Results. A histological study of the ventral prostate gland and 
seminal vesicles from this series of treated castrates reveals that in all 
cases the dosage employed was sufficient to maintain the normal his- 
tological secretory condition of these accessory reproductive organs, 
hence relative effects of the different preparations must be reflected in 
the weight responses of the organs in question. Ventral prostates re- 
vealed well defined light areas in the secretory cells,* and secretory 
cells of the seminal vesicles contained well defined secretion granules.* 
With responses of this intensity the histological conditions are not 
adequate to determine relative effects but weights of fresh tissues 
adequately demonstrate quantitative responses. 


+ These hormones in different cream bases have been graciously prepared by 
Dr. Erwin Schwenk of Schering Corporation; concentrations were 2 mg of hormone 


per gram of cream. 
2 Moore, Carl R., Sex and Internal Secretions, Williams and Wilkins, Baltimore, 


1939, Chapter 7. 
3 Moore, Carl R., Price, Dorothy, and Gallagher, T. F., Am. J. Anat., 1930, 


45, 71. 
4 Moore, Carl R., Hughes, Winifred, and Gallagher, T. F., Am. J. Anat., 1930, 


45, 109. 
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TABLE I. 
Effect of Androgen-containing Ointments on Prostate and Seminal Vesicles of 
Castrate Rats. 


Ventral prostate, Seminal vesicles, 
mg mg 


(hy =a ee ay rs ana 
No. of Body Per 100 g Per 100g 
animals wt,g Actual body wt Actual body wt 


‘A. Castrated on day 30; 1st treatment 12 days later; 20 daily treatments with 102 
mg ointment, containing 0.20 mg hormone. 


Castrated controls 2 167 6.9 4.1 6.5 3.8 
Blank tegin 2 142 7.2 5.0 5.6 Be) 
Tegin—testosterone 2 170 74.3 43.7 80.4 47.2 
?? ~—_t-propionate 2 160 57.9 36.1 53.0 33.1 
Blank lanol 2 150 8.1 5.4 6.6 4.4 
Lanol—testosterone 2 180 70.8 39.3 49.8 27.6 
?? ~—t-propionate 2 157 31.0 19.7 19.4 12.3 


B. 4%4-month males, castrated 21 days prior to treatment. 20 daily treatments 
with 165.2 mg ointment, containing 0.33 mg hormone. 


Blank tegin 2 217 30.0 13.8 82.6 38.0 
Tegin—testosterone 295 275.7 93.4 425.5 144.2 

?? —t-propionate 245 182.3 74.4 407.8 166.4 
Blank lanol 255 31.4 12.3 89.5 35.0 


Lanol—testosterone 280 203.7 72.7 449.9 160.6 
»? _t-propionate 305 102.8 33.7 111.4 36.5 
C. 3%-month males, castrated 22 days prior to treatment. 20 daily treatments 
with 101.6 mg ointment, containing 0.203 mg hormone. 
Castrate control 268 26.4 9.8 89.6 33.4 
Tegin—testosterone 299 185.2 61.9 404.3 135.2 
*? —methyl-test. 264 251.3 95.1 762.1 288.6 
Lanol—testosterone 279 140.0 50.1 335.f L196 
?? —__methyl-test. 257 212.4 82.6 357.0 138.9 
D. 414-month males, castrated 22 days prior to treatment. 20 daily treatments 
with 179.8 mg ointment, containing 0.359 mg hormone. 


bo bo dO wo Lo 


NNONNe 


Castrated controls 3 334 46.6 13.9 100.0 29.9 
Tegin—testosterone 3 277 367.8 132.7 701.2 253.1 
?? —methyl-test. 3 266 299.0 112.4 TA2T 267.9 
Lanol—testosterone 3 281 249.1 88.6 478.2 170.1 
?? —-methyl-test. 3 302 283.9 94.0 Bone leer 


Table I reveals the actual fresh weight of ventral prostates and 
seminal vesicles as averages from similarly treated males, as well as 
the weight of these two organs per 100 g of rat. 

Close attention to this table reveals several points of interest: (1) 
In Group A the tegin and lanol bases alone, applied daily to castrate 
rats as controls, failed to effect appreciably the weight of these or- 
gans, hence responses to the same bases carrying hormones clearly 
demonstrate the effect of the hormone. (2) Comparisons of equal 
weights of crystalline testosterone with t-propionate (A series 0.2 
mg; B series 0.33 mg) reveal the superiority of free testosterone 
whether the substances are carried in a tegin or lanol base; the one 
exception occurs in series B in which seminal vesicle response, com- 
puted as per 100 g of rat, gives a slightly higher value for t-propionate 
administered in the tegin base. (3) Methyl-testosterone applications 


ANDROGENS APPLIED PERCUTANEOUSLY 219 


in comparison with applications of free testosterone (C series 0.203 
mg; D series 0.36 mg) produced slightly higher end organ weights 
in 13 cases and slightly lower weights in 3 cases. Whereas the dif- 
ferences are not profound in series D the trend in all compared treat- 
ments employing these 2 hormones suggests a slight advantage for 
methyl-testosterone. (4) A comparison of effects of the same hor- 
mone (testosterone, t-propionate, m-testosterone) carried in the 2 
different bases, and in all different dosages employed, suggests that 
tegin provides a more effective base than lanol. It is apparent from 
the table that end organ weights were greater after application of 
hormones in the tegin base in 30 comparisons as against 2 compari- 
sons in which hormone in the lanol base produced greater weights 
(Ser. B comparing free test on sem. ves. weight). 

Conclusions. Based upon weight responses evoked in the end 
organs of castrated male rats, the results obtained with androgens, 
percutaneously administered, indicate the effectiveness to follow the 
descending order—methyl-testosterone, free testosterone and t-pro- 
pionate (lowest), although the differences between the first two sub- 
stances are not great. It is further suggested that androgens carried 
in a tegin base are more effective than when carried in a lanol base, 
since end organ weights were greater in 30 of the 32 compared pairs. 
With all dosages the histologically indicated secretory normality was 
apparent for both ventral prostates and seminal vesicles. 


I wish to acknowledge grateful appreciation to Dr. Carl R. Moore 
for directing this investigation, to Dr. Dorothy Price for friendly 
interest and assistance, and to Mrs. Dorothy Plagge for aid with 


operations. 
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Pathways of Enzymes into the Blood in Acute Damage of 
the Pancreas.* 


H. L. Popper anp H. NECHELES. 


From the Department of Gastro-Intestinal Research, Michael Reese Hospital, 
Chicago. 


It has been known for a long time that in acute diseases of the 
pancreas and in injury of the pancreas, the amylase concentration in 
the blood increases acutely. To our knowledge, the pathway by which 
pancreatic enzymes get into the blood stream has not been analyzed. 
In order to do this, experiments were performed on dogs under 
pentobarbital sodium anesthesia. A peripheral vein was prepared 
for withdrawal of blood and in a number of animals the thoracic duct 
was cannulated in the neck and the lymph collected. The pancreas 
was exposed and the main pancreatic duct prepared. In 9 experi- 
ments, dog’s gallbladder bile in amounts varying from 0.1 to 4 cc 
was then injected into the duct after which the duct was ligated; 
several samples of portal blood were withdrawn in some of these 
experiments. In one experiment the pancreatic duct was ligated only ; 
no bile was injected. In this and in one other experiment in which 
the pancreatic duct was not ligated and in which the pancreas was not 
touched at all, secretin was given intravenously in order to stimulate 
the external secretion of the pancreas.t Venous blood and thoracic 
duct lymph were collected at regular intervals before and after the 
above procedures. In these samples amylase was determined using 
the method of Wohlgemuth't and lipase, using the method of Cran- 
dall and Cherry.” Trypsin determinations were performed in some 
instances but were of no value. 

Results. Because our results were quite uniform, only a few repre- 
sentative experiments are given in Table I. It is apparent that in the 
fasting anesthetized dog, the concentrations of amylase in peripheral 
and portal blood and in thoracic duct lymph are almost equal. A rise 
in amylase concentration of the blood may appear as early as 5-10 


* Aided by the A. B. Kuppenheimer Fund. 

1 Wohlgemuth, J., Bioch. Z., 1908, 9, 1. 

t Secretin Astra was used for which we are much obliged to Prof. Hammarsten, 
Dr. Agren and Astra Company, Sweden. 

+ Amylase concentration is expressed by the degree of dilution of 1 ce of serum 
at which 1 ce of the diluted serum will digest 1 ce of a 0.1% starch solution at 
38°C within 30 minutes. 

2 Crandall, L. A., Jr., and Cherry, I. S., Am. J. Physiol., 1932, 100, 266. 
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TABLE I. 
Amylase and Lipase in Blood and Lymph. 
Time Peripheral Portal Lymph 
after blood blood (thoracie duct) 
Exp. procedure, , ee sl ES 
No. Procedure min. Amylase Lipase Amylase Lipase Amylase Lipase 
i?) 54:0 ce »bile in}: 0 64 64 
5 64 128 64 
15 128 128 128 
60 128 128 512 
120 128 128 512 
ZO A ele 2 a2? 0 32 32 0.16 
5 128 
10 128 512 0.82 
30 128 512 
60 256 2048 1.87 
Seemeo. ORC mes hee 0 64 0.20 32 0.06 
Occlusion of 10 64 0.18 256 0.93 64 
portal vein for 30 512 1024 
10 minutes 60 512 1.18 2048 1.65 
4. Ligature of 0 32 32 
main pan- 10 64 32 
creatiec duct 30 64 64 
Secretin i.v. 10 64 1024 
200 cat units 30 64 1024 
60 256 1024 
5. Secretin only 0 64 64 
iv. 100 cat units 10 64 128 
30 64 128 
45 128 256 


minutes after the injection of canine gallbladder bile (0.1 to 4 cc) 
into the main pancreatic duct. A further rise in amylase as well as in 
lipase concentration takes place later in peripheral and portal blood 
and lymph, the rise in peripheral and portal blood being about equal. 
Concentration of amylase in thoracic duct lymph is likewise increased. 
One-half to one hour after injection of bile it reaches usually higher 
values than in the blood. In Exp. 3 the portal vein was occluded above 
the inflow of the splenic vein for 10 minutes following the injection 
of bile into the pancreatic duct. In this experiment the amylase con- 
centration in peripheral blood and lymph did not rise to any extent 
during the period of occlusion of the portal vein, while blood drawn 
from the latter showed considerable values for amylase and lipase. 
Amylase concentration in peripheral blood as well as in thoracic duct 
lymph rose considerably after release of the occlusion. In Exp. 4 
and 5 intravenous injection of secretin was followed by an increase 
of amylase in lymph and blood whether the pancreatic duct was ligated 
or not. The concentration of amylase rose sooner and to higher 
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levels in the lymph than in the peripheral blood. Determinations of 
lipase were not done in all experiments, but whenever performed their 
relative changes in concentration followed closely those of blood 
amylase. 

It is evident from our results that pancreatic enzymes reach the 
peripheral blood through the thoracic duct as well as through the 
portal vein. We believe that the main pathway is through the portal 
vein for the following reasons: The entire lymph from the thoracic 
duct is prevented from entering the peripheral blood in Exp. 1-2, 
and yet an increase of blood amylase occurs a few minutes following 
damage of the pancreas. This increase was observed also in one 
experiment in which the right main lymphatic duct as well as the 
thoracic duct were cannulated in the neck. Furthermore, the total 
amount of amylase reaching the circulation by way of the lymph is 
relatively small, because while the concentration of amylase in the 
lymph may be high, the factor of dilution in the blood stream has to 
be considered. This means that the greater part of the enzymes 
found in the blood in acute pancreatic disturbances passes through 
the portal vein and thus through the liver before reaching the general 
circulation. Further investigation shall deal with the question of 
whether the passage of enzymes through the liver may be the cause 
for such changes of the liver as are found frequently in acute pan- 
creatic disease. 

Summary. The concentrations of amylase and lipase in peripheral 
venous blood, portal blood, and thoracic duct lymph are equal in 
fasting anesthetized dogs. An increase of amylase in the blood often 
appears 5 to 10 minutes after damaging the pancreas. The increase 
of blood amylase and lipase following injury of the pancreas or 
retention of its secretion is due mainly to the inflow of pancreatic 
enzymes into the general circulation by way of the portal vein and to 
a smaller extent to inflow of enzymes by the lymph of the thoracic 
duct. 


The help by Dr. Frank Neuwelt and Dr. F. Plotke is acknowledged gratefully. 
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An Agglutinable Factor in Human Blood Recognized by Immune 
Sera for Rhesus Blood. 


KARL LANDSTEINER AND ALEXANDER S. WIENER. 


From the Rockefeller Institute for Medical Research and the Office of the Chief 
Medical Examiner of New York City. 


The capacity possessed by some rabbit immune sera produced with 
blood of Rhesus monkeys, of reacting with human bloods that contain 
the agglutinogen M has been reported previously.» ? Subsequently it 
has been found that another individual property of human blood 
(which may be designated as Rh) can be detected by certain of these 
sera. 

Upon exhaustion of such a serum with selected bloods, for instance 
OM, the absorbed serum still agglutinated the majority (39 out of 
45) of other human bloods, independently of the group or the M,N 
type ; moreover, reactions took place with bloods lacking the property 
P. Anexample of the reactions is given in Table I. 


TABLE I. 
Bloods (all group 0) 
es as, 
Type M Type N Type M,N 
iby ep a y Og Seo ae) 
Absorbed immune serum + + 4+ 0 o+ + 44 @ db 


Technic: Immune serum for Rhesus blood diluted 1:10, absorbed with half 
volume of sediment of blood 4. One drop each of absorbed serum, cell-suspension 
(2%) and saline used. Readings after 2 hours at room temperature. Positive 
agglutination designated by + sign. 

The results are of some interest in that they suggest a way of find- 
ing individual properties in human blood, namely, with the aid of 
immune sera against the blood of animals. As an analogy may be 
cited the demonstration of differences in sheep erythrocytes with 
immune sera for human A blood.*® The reactions described, although 
of moderate intensity only, were obtained with immune sera pro- 
duced at different times. Whether these observations may possibly 
lead to a method suitable for routine work is still under investigation. 

1 Landsteiner K., and Wiener, A. S., J. Immwunol., 1937, 38, 19. 


2 Wheeler, K. M., and Stuart, C. A., J. Immunol., 1939, 37, 169. 
3 Andersen, J., Z. f. Rassenphysiol., 1938, 10, 104. 
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